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To assist in the characterization o f the ecological integrity o f  streams o f the Montana 
Valleys and Foothill Prairies, I investigated the distribution o f aquatic macro invertebrate 
assemblages over that geographically variable ecoregion. DECORANA (DCA) 
ordination and TWINSPAN classification techniques indicated that elevation was the 
variable with the greatest influence on distributions o f benthic taxa in the region, and that 
three assemblage groups are distinguishable. The Montana Department o f Environmental 
Quality (Montana DEQ) uses an adaptation o f U.S. EPA’s Rapid Bioassessment Protocol 
(Plafkin et al. 1989) to evaluate and monitor streams here, and the elements o f the 
protocol were examined for sensitivity to anthropogenic impact, consistency and 
correlation with habitat variables. Individual attributes o f benthic assemblages (metrics) 
were tested for ability to distinguish sites with severe anthropogenic habitat degradation 
from sites with minimal impact. Correlations with habitat variables were examined to 
determine the relevance o f individual metrics. Variability in metric scores was partitioned 
into that attributable to elevation, the most influential natural environmental determinant 
o f assemblage distributions, and that attributable to human-caused impact, the variable o f 
greatest interest to resource managers. A revision o f the Montana DEQ metric battery is 
proposed which includes seven metrics. An integrated score calculated from the currently 
used battery is compared with that o f the revised battery. The latter was more sensitive to 
impact and more strongly correlated to visually assessed habitat degradation. Scores 
calculated by either method vary more with impact than with elevation, and residual error 
is about the same for both methods. The revised bioassessment method, however, is 
shown to be more consistent than the current Montana DEQ protocol.
The habitat assessment protocol used by Montana DEQ is also evaluated and revised. 
Several visually assessed parameters are replaced by variables calculated from results o f 
Wolman pebble counts.
The proposed revisions o f bioassessment and habitat assessment protocols provide tools 
which are more sensitive to impact, more consistent and more closely related to habitat 
variables than Montana DEQ’s current method. These tools can be applied to monitoring 
and evaluating stream conditions throughout the Montana Valleys and Foothill Prairies 
ecoregion.
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Chapter 1
INTRODUCTION  
The Problem and Its Context
The Clean Water Act (33 USC section 1251 et seq.) calls for the restoration and 
protection o f the physical, chemical and biological integrity o f the waters o f the United 
States. The U.S. Environmental Protection Agency (U.S. EPA) has provided guidance to 
states for conducting biological assessments and developing biological criteria for the 
condition o f waterways. A recent survey shows that o f 47 states employing such 
biological monitoring in their water quality programs, 46 focus on benthic 
macro invertebrate communities in all or part o f criteria development (Southerland and 
Stribling 1995). Twenty-five o f these states also monitor fish assemblages, and three have 
explored the use o f attached algae (periphyton). In Montana, EPA has delegated the 
responsibility o f assessing the integrity o f state waters to the Montana Department of 
Environmental Quality (Montana DEQ). Focusing on benthic macro invertebrates as 
indicators, Montana DEQ’s draft bioassessment protocol describes the rationale, methods 
and analyses o f the general approach and o f Montana’s region-specific modifications 
(Bukantis 1998). The purpose o f this paper is to evaluate the validity o f that protocol for 
one o f the state’s ecoregions, the Montana Valleys and Foothill Prairies.
Many European countries, Australia and Canada use multivariate models for 
bioassessment, but in the United States the most common approach to bioassessment 
using macro invertebrates is an additive multimetric model. The two approaches use the 
same data, matrices o f sites and the taxa collected at each. But they differ considerably in
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the means by which the data are analyzed. Each offers its own set o f advantages and 
disadvantages, discussion o f which is beyond the scope o f this paper. Many states, 
including Montana, have adapted the multimetric Rapid Bioassessment Protocols (RBP) 
designed by Plafkin et al. (1989) to their specific needs. The multimetric approach has 
been defined as “ ...an array o f measures or metrics that individually provide information 
on diverse biological attributes, and when integrated, provide an overall indication o f 
biological condition.” (Barbour et al. 1995) Effectiveness o f the integrated metrics 
depends on the applicability o f the underlying model, which rests on a foundation o f 
three essential elements: an appropriate stratification or classification o f stream sites to be 
studied, selection o f metrics which accurately express biological condition, and an 
adequate assessment o f habitat conditions.
Site Classification
The problem o f natural variability among streams is made more manageable by 
classifying them. One approach to the stratification o f test sites is based on 
regionalization; a widely applied example is the ecoregion approach (Omernik 1987). 
Omernik’s work is an analysis and synthesis o f  regional patterns in landforms, soils, 
natural vegetation, land use and other physiographic features that resulted in the 
development o f a map o f ecoregions. Given the linkage between aquatic biota and 
terrestrial biomes (e.g. Corkum 1989), the ecoregion map is intended to be applicable to 
the development o f biotic criteria for water and habitat quality. Studies o f  fish 
assemblages have supported the value o f the ecoregion approach for a few geographic 
areas (Larsen et al. 1986, Hughes et al. 1987, Whittier et al. 1988, Hughes et al. 1990),
3
but it is unclear whether macro invertebrate communities are more strongly controlled by 
regional influences than by local ones (e.g. Corkum 1991, Corkum 1992, Richards et al. 
1993).
Omernik’s approach divides Montana into seven ecoregions. In the Montana 
Valleys and Foothill Prairies (MVFP) ecoregion (Figure 1), the potential problem of 
natural variability in benthic communities is illustrated by the variability o f the ecoregion 
itself. The region is characterized by shortgrass prairie, but forested areas are common; 
the region is closely associated with mountains, which are the source o f many o f its 
perennial streams. Farming and irrigation, cattle and sheep grazing are prevalent land 
uses; urbanization and mining impacts are present as well. Most human-caused impacts 
to streams o f the ecoregion have non-point sources. The topography varies from 
elevations o f less than 3,000 feet to over 8,000 feet. Soils, parent materials and vegetation 
vary widely (Omemik 1997). Applying a single set o f biotic criteria to the entire 
ecoregion may not be realistic.
Other states have experimented with sub-regionalization, further stratifying 
ecoregions into smaller sub-regional units (e.g. Homig et al. 1995) to explain the natural 
variance in benthic assemblages. In Montana, however, the opposite strategy has been 
used; portions o f two ecoregions were combined into a Plains “super-region” based on an 
ordination study o f the benthic communities (Wisseman 1990). In the same study, the 
three montane ecoregions o f the State were also merged. Based on the ordination results, 
bioassessment protocols were individualized for plains streams, for montane streams and 
for the foothills and prairie streams (Bukantis 1998). However, the Montana Valleys and 
Foothill Prairies ecoregion was represented in Wisseman’s study by eight stream

locations, four o f which are reaches o f spring streams, arising from large springheads in 
the foothills. Spring-fed streams are unique in ways that are biologically important 
(Hynes 1970) and cannot adequately represent the majority o f running waters o f the 
ecoregion, which flow because o f inputs o f surface run-off, subsurface flow and 
contributions from the water table. It would seem evident that the streams o f the Montana 
Valleys and Foothill Prairies ecoregion are in need o f further study.
Bioassessment Metrics
Metrics are translations o f taxonomic data into measures o f community structure, 
assemblage sensitivity to stresses, trophic dynamics or other biological processes, and 
additional attributes thought to change in predictable ways with increased human-caused 
impacts to water or habitat quality. Examples o f frequently used metrics include diversity 
measures such as taxa richness and EPT (Ephemeroptera, Plecoptera and Trichoptera) 
richness, tolerance indices such as the Hilsenhoff Biotic Index and various modifications 
to it, and measures o f trophic functions o f the community such as percent filtering 
organisms and number o f predator taxa. Ideally, metrics incorporated into a 
bioassessment battery detect impacts to water or habitat quality characteristic o f the 
region where they are used, and their response varies more with anthropogenic 
perturbations than with natural gradients. Multimetric approaches to bioassessment using 
benthic macro invertebrates have evolved from the Index o f Biotic Integrity (IBI) o f Karr 
(1981), which is based on analysis o f fish communities. These approaches include the 
Rapid Bioassessment Protocols (RBP) (Plafkin et al. 1989), the Invertebrate Community 
Index (ICI) (DeShon 1995) and the Benthic Index o f Biotic Integrity (B-IBI) (Kerans and
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Karr 1994). Each differs from the others in the individual metrics incorporated into the 
bioassessment battery. Common to all are specified sampling protocols and seasons, 
integration o f a tested, calibrated battery o f metrics, the scores o f which are standardized 
to allow for combination o f a variety o f units o f measurement, and a comparison o f  total 
bioassessment scores against a reference condition or biocriteria.
Kerans and Karr (1994) evaluated candidate metrics for the B-IBI using a 
parametric statistical test (two-way ANOVA) to determine whether impaired sites could 
be distinguished from unimpaired sites. They sought association between metric scores 
and measures o f water quality, and tested their index for accuracy by comparing the 
results o f the benthic index with the previously obtained results o f the fish Index o f Biotic 
Integrity for the same sites. Assessments based on the fish fauna allowed them to apply 
an a priori impairment classification to the sites in their study. Such classification based 
on independent analysis o f  fish is not practical in Montana, where few species o f  fish are 
found and the fauna can be affected by stocking. The index these authors assembled 
classified sites identically to the fish IBI and was composed o f metrics that were 
correlated to water quality parameters. Water quality problems were considered the 
predominant source o f impairment o f biological communities in the systems studied.
Another approach to evaluating metric accuracy was used by Resh and Jackson 
(1993), who calculated the percent similarity for a variety o f metrics using mean metric 
values for control samples and impact samples. T-tests and analysis o f variance 
(ANOVA) were used to determine if differences were statistically significant. Seven 
metrics out o f twenty produced significant results when impaired sites were compared 
with unimpaired sites. The authors found that seasonal differences in metric performance
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were notable, even among metrics determined to be effective at distinguishing 
impairment. They did not discuss the applicability o f  parametric tests to their metric data. 
In other studies (e.g. Fore et al. 1994) greater variance in metric scores for degraded sites 
than for more pristine sites precluded their use.
Fore et al. (1996) tested metrics for reliability in distinguishing human-caused 
impact by graphical displays o f  metric values for sites where the level o f  impact was 
known. Metrics that showed considerable overlap in values for least impacted and most 
impacted sites could not reliably detect impairment. These authors were able to 
demonstrate that simple statistics and graphs contain enough information to allow the 
development o f an effective metric battery.
Tests for sensitivity o f  bioassessment methods are reported more frequently than 
tests for consistency. Reynoldson et al. (1997) compared scores o f replicates taken from 
impaired and unimpaired sites to see if their multivariate bioassessment method (the 
BEAST) would designate them consistently. They also compared two multimetric 
methods to their own. They found that the multivariate method yielded “precision” o f 
80% while the multimetric methods were “precise” only 40% o f the time in one case, and 
60% in the other. The multimetric methods they evaluated, however, utilized several 
metrics which are known to be highly variable, since they are based on a ratio between 
two variables, e.g. number o f EPT individuals / number o f EPT individuals + number o f 
Chironomidae individuals, number o f Baetidae / number o f Ephemeroptera. Barbour et 
al. (1992) found that ratio metrics for invertebrates are more variable than other metrics. 
And Fore et al. (1996) point out that since the numerator and denominator o f  such metrics
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vary together, large values for both may yield the same ratio value as small values, while 
the biological implications o f the two scenarios are very different.
Fore et al. (1994) evaluated the precision o f  the fish IBI using a bootstrap method 
to generate “replicate” samples from a single field-collected sample. The authors point 
out that actual sample replication in the field is not practical given the sampling protocol 
required with the fish IBI, because o f the residual effects o f electro fishing, seining or 
trapping . Sampling slightly different sites does not produce true replicates, they note, 
since even slight variations in habitat can favor different taxa. Similar concerns about 
replication o f benthic macro invertebrate samples may also be valid. Typically, 
macro invertebrate sample “replicates” are collected from a nearby upstream riffle but 
whether or not physical conditions at neighboring riffles are similar enough to harbor 
similar taxa in comparable abundances is not really known. Since non-point source 
impact presumably affects neighboring riffles equally, the ideal bioassessment metric 
battery will assign equal impairment classifications to samples from neighboring riffles 
despite differences in the taxonomic composition and relative abundances in “replicates.”
The bootstrap method used by Fore et al. also may not produce samples which are 
true replicates o f each other, since the bootstrap method cannot add taxa which are 
present at a site, but which are not collected. It is well known that small or cryptic fish 
species are collected less often than other taxa when electro fishing techniques are used; 
similarly, the gregarious habits o f some macro invertebrates may make them less likely to 
appear in similar abundances in replicated samples, depending on the sampling method. 
Rare taxa may appear in one replicate and not another. It seems possible that the 
bootstrap method may produce “replicates” which are generally more similar to one
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another than field-collected replicates, and that precision estimates based on bootstrap 
samples may be biased toward higher values.
Habitat Assessment
Since physical habitat is a major influence on the integrity o f  aquatic 
communities, evaluation o f  habitat is a critical component o f  bioassessment. This is 
especially true in Montana where threats to habitat quality outweigh threats to water 
quality. In the 1992 National Water Quality Inventory (U.S. EPA 1992), Montana 
reported approximately 4800 miles o f  streams impaired by habitat degradation.
Habitat assessment typically takes the form o f  a visual evaluation o f  instream and 
riparian conditions; scores are assigned to various parameters thought to be vulnerable to 
human-caused impact and expected to be important factors in influencing the benthic 
community. Factors evaluated in the Montana DEQ protocol are listed in Table 1, on 
page 14. Barbour and Stribling (1991) state that the relationship between habitat quality 
and biological condition, in the absence o f  water quality impairment, is expected to take 
the graphical form o f a positively directed sigmoid curve. Position o f  data points relative 
to the curve supposedly allow for interpretation o f  the nature o f  impairment o f  biotic 
health. For example, when habitat quality is very good, yet the condition o f  the biological 
community as expressed by the integrated metric score is worse than would have been 
expected, the data point for that site would fall in the lower right region o f  the graph. This 
could indicate impairment o f  water quality by toxicants or other pollutants. Similarly, 
data points falling in the upper left region could indicate benthic communities with better
bioassessment scores than habitat quality would predict, and organic enrichment o f the 
water may be indicated.
The original habitat assessment protocol for bioassessment based on benthic 
macro invertebrates appeared in the EPA’s Rapid Bioassessment Protocols (Plafkin et al. 
1989). It used nine parameters that were weighted depending on the degree o f influence 
each was predicted to have on the biological community. Barbour and Stribling (1991) 
offered a modified version o f the original habitat assessment tool, with twelve weighted 
elements. Further modifications were made by Montana DEQ to reflect conditions in 
wadeable streams o f Montana (Bukantis 1998). All three assessment matrices evaluate 
instream microhabitat elements associated with niches and refiigia, larger-scale features 
o f the channel associated with sediment movement and flow fluctuation, and stream bank 
and riparian factors associated with erosion potential and allochthonous inputs. This 
study reports on the use o f the original habitat assessment, which is described further in 
the Methods section.
Focus o f  the Study
Implicit in the multimetric method and its associated habitat assessment is an 
assumption o f correlative relationships between habitat parameters and the biotic metrics, 
in the absence o f water quality impairment. These relationships may vary regionally, 
requiring an examination o f habitat assessment elements and biotic metrics and a test o f 
the presumed relationship between them. Assurance o f the validity o f correlation between 
habitat parameters and biotic measures is particularly compelling in the ecoregion under 
study here, since, with a few notable exceptions, impairment o f the streams in the MVFP
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ecoregion is caused by non-point sources (Montana Department o f Health and 
Environmental Sciences 1994). Agriculture, and in particular, livestock grazing, is a 
predominant cause of stream degradation.
There is also an assumption that individual metrics and integrated metric scores 
can discriminate between least impacted sites and sites with considerable human-caused 
impact. In Montana, an adaptation o f the Rapid Bioassessment Protocols has become an 
integral part o f surface water evaluation and monitoring, yet assumptions have been left 
largely untested. In this study, I explore the benthic macro invertebrate communities of 
the Montana Valleys and Foothill Prairies ecoregion, and the multimetric biotic and 
habitat assessment method in current use by the State. I address these questions:
1) How variable are benthic assemblages across the geographic range o f the ecoregion; 
how much o f their variability is explained by human-caused impact and how much by 
natural influences?
2) Do correlations between assessed habitat variables or other physical parameters and 
biotic metrics give evidence o f the relevance o f the State’s bioassessment method?
3) How variable are the biotic metric scores; how much o f their variability is explained 
by human-caused impact and how much by natural influences?
4) How well do the State’s bioassessment metrics discriminate between habitat that is 
heavily impaired and habitat that is relatively unimpaired, and can changes to the 
current biotic metric battery and/or habitat assessment improve the sensitivity to 
impact and consistency o f either or both?
Chapter 2 
METHODS
Study sites and data collection
Ninety-three sites in streams o f the Montana Valleys and Foothill Prairies 
ecoregion were sampled for benthic macro invertebrates in August and September o f 1992 
and 1993. Spring streams, defined by Decker-Hess (1989) were not included. Larger 
riverine sites and sites on small creeks were included in the sampling effort. No attempt 
was made to discriminate between streams likely to have more or less human-caused 
impact. Selection o f sites was based upon ease o f access, landowner cooperation and the 
presence o f suitable riffle habitat.
In 1992, sampling was intended to capture the variability o f  the benthic 
assemblages o f streams in the ecoregion. To that end, I attempted to access flowing water 
sites from throughout the geographic extent o f the ecoregion (Figure 1). It was my 
intention to include sites with a wide range o f  human-caused impact, from the best 
available condition to severe impairment. Nature o f impact at these sites was 
predominantly cattle grazing, but other agriculture, urbanization, roads, bridges and their 
maintenance, and other sources o f impairment were evident as well. Forty-five sites were 
sampled in 1992.
In 1993, sampling followed a different pattern. In that year, twelve streams in 
southwest Montana, near Dillon, were selected for study by Bureau o f Land Management 
hydrologists, and four samples from each stream were taken. Sample sites were located 
so as to include as much o f the extent o f the stream as possible, at approximately equal 
distances from one another. Because o f this, these twelve streams were more extensively
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surveyed than most streams sampled in the previous year, since sampling required 
traversing the length o f stream, usually from headwaters to the mouth. Again sites 
included a range o f human-caused impairment. Nature o f impact at these sites was 
primarily cattle grazing, although one o f the streams was additionally impaired by the 
presence o f a talc mine at the headwaters and its associated roads.
In both years I used the sampling method prescribed by the Montana DEQ 
(Bukantis 1998). A one-minute, traveling kick-net sample was taken from riffle habitat; 
samples were replicated at ten percent o f sites by taking a second sample from an 
adjoining riffle. A net with 1mm mesh size was used. Samples were preserved at 
streamside in 95% ethanol.
I used the U.S. EPA’s Rapid Bioassessment Protocol habitat assessment tool 
(Plafkin 1989) to estimate environmental variables at each site. The assessment was a 
visual appraisal o f nine parameters described in Table 1. Each parameter was given a 
score, and the total score calculated as the sum o f all parameter scores.
In addition to the visual assessment o f habitat parameters, certain chemical and 
physical variables were measured at each site. Variables included pH, conductivity, water 
temperature, gradient and others described in Table 2.
Benthic macro invertebrate samples were processed in the laboratory. Subsamples 
o f 300 (+/- 10%) organisms were picked from the substrate by pouring the sample out 
into a gridded pan and randomly selecting grids. Substrate material in the grid was lifted 
into a petri dish. Under low binocular magnification, invertebrates were removed from 
the substrate for identification. Animals were identified to the lowest possible
14
Table 1. Habitat assessment parameters evaluated in Montana Valleys and Foothill Prairies streams, 1992 
and 1993. Adapted from Plafkin et al. 1989.
Parameter Description
One
Two
Three
Four
Five
Six
Seven
Eight
Nine
Ten
Bottom substrate and cover. Evaluates amount of small-scale habitat features, with 
higher scores for larger percentages of cobble, logs, undercut banks.
Embeddedness. Requires an estimation o f the degree to which cobbles are surrounded 
by fine sediment.
Flow at low flow. Evaluates the variety o f flow and depth combinations, with higher 
scores for a greater variety o f combinations at the sampled site.
Channel alteration. Assesses the degree o f sediment deposition in the vicinity o f the 
sampled site. Enlargement o f point bars and islands with fine sediments results in lower 
scores.
Bottom scouring and deposition. Evaluates the extent o f action o f these forces by 
requiring an assessment of pool filling by sediment, and deposition of sediment in 
riffles.
Pool/riffle run/bend ratio. Assesses the variety o f instream habitat on a larger scale 
than previous parameters. Requires assessment o f morphology o f the reach sampled. 
Bank stability. Evaluates extent o f erosion or bank failure, and steepness o f side slopes. 
Lower scores are given in situations where potential for soil movement into the channel 
is greater.
Bank vegetative stability. Score is based on the extent to which streambanks are 
covered by vegetation or boulders and cobble. Grazed streambanks or those without 
other erosional protection are given lower scores.
Streamside cover. Evaluates the quality o f riparian vegetation adjacent to the stream. 
Shrub coverage results in the highest score, with trees, grass, and unvegetated areas 
resulting in progressively lower scores.
The overall, or total habitat assessment score. Sum o f the scores given to the nine 
preceding parameters.
taxonomic level, which was typically genus. Generally, the taxonomic resolution 
recommended in the Montana DEQ’s macro invertebrate standard operating procedure 
(Bukantis 1998) guided identifications in this study. A taxa-by-site matrix was 
constructed, and various bioassessment metrics were calculated. A list o f metrics used in 
this study appears as Table 3, which also describes the method by which the metric value 
was calculated. Metrics studied included those in use by Montana DEQ for bioassessment 
as well as others. Literature surveys and consultation with regional experts made it 
possible to assemble lists o f 28 macro invertebrate taxa tolerant o f a wide range o f habitat 
and water quality impacts, and 41 taxa sensitive to impacts. Two metrics were derived
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using these lists, the percent o f tolerant taxa and sensitive taxa richness, and these were 
included in analyses.
Table 2. Physical and chemical variables measured in Montana Valleys and Foothill Prairies streams, 1992 
and 1993.
Parameter Description/Measurement procedure
pH A single reading was taken with an Oakton 
pHTester2. Meter was calibrated daily per 
manufacturers recommendation.
Conductivity A single reading was taken with a YSI Model 33 
conductivity meter, which was calibrated once per 
week.
Gradient Slope o f channel bed was measured over 50 feet of 
sampled reach using a hydrostatic leveling 
technique described in Gordon et al. (1992).
Canopy cover Four readings were taken mid-channel with a 
concave densiometer (Forestry Suppliers, Inc., 
Jackson, Mississippi) were averaged.
Water temperature A single reading was taken with an analog alcohol 
thermometer.
% fines The proportion of substrate particle sizes less than 
2mm was gathered and measured during a Wolman 
pebble count (Wolman 1954).
“Pebbles” The number of substrate particle size classes 
collected and measured during a Wolman pebble 
count (Wolman 1954) served as a measure of the 
diversity of substrate particle sizes.
Width/Depth ratio Baseflow width, measured with a surveyor’s tape 
was expressed as a ratio of average baseflow depth, 
measured with a yardstick.
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Table 3. Bioassessment metrics calculated from benthic macroinvertebrate samples collected in the 
Montana Valleys and Foothill Prairies ecoregion, 1992 and 1993. Metrics used in the Montana DEQ 
bioassessment protocol are indicated by an asterisk. In addition to the listed metrics, individual functional 
feeding groups and individual insect orders were considered alone as well (i.e. percent shredders, percent 
Ephemeroptera etc.). Functional feeding group designations were taken from the Montana DEQ protocol 
(Bukantis 1998).
Metric Description
Taxa richness* The total number o f discreet taxa present in a sample.
EPT richness* The number o f discreet taxa in the orders Ephemeroptera, Plecoptera and 
Trichoptera present in a sample.
Biotic index* A modification o f the Hilsenhoff Biotic Index (Hilsenhoff 1987, Bukantis 
1998). The relative abundance o f each taxon is weighted by a pollution 
tolerance score for that taxon, and a score for the sampled assemblage is 
computed. D.L.McGuire modified tolerance scores assigned to taxa for use in 
Montana (Bukantis 1998).
Percent dominant 
taxon*
The number o f individuals in the numerically dominant taxon as a proportion of 
the total number o f individuals o f all taxa in the sample.
% Hydropsychinae of 
Trichoptera*
The proportion o f caddisflies in the sub-family Hydropsychinae expressed as a 
proportion o f all caddisfly individuals present in the sample.
EPT percent * The number o f individuals in the orders Ephemeroptera, Plecoptera and 
Trichoptera expressed as a proportion o f all individuals in the sample.
Scrapers plus 
shredders*
The number o f individuals in the scraper and shredder functional feeding groups 
expressed as a proportion of all individuals in the sample.
Gatherers plus 
filterers*
The number o f individuals in the collector-gatherer and col lector-filterer 
functional feeding groups expressed as a proportion o f all individuals in the 
sample.
Sensitive taxa richness The number o f taxa present in the sample known to be particularly sensitive to a 
wide range o f impairment o f water and/or habitat quality. Sensitive taxa were 
identified based on the experience o f two experts with many years o f collecting 
and identifying invertebrates in the western USA (W isseman 1996, McGuire 
1996).
Percent tolerant taxa The number o f taxa present in the sample known to be particularly tolerant to 
impairment of water and/or habitat quality. Tolerant taxa were identified based 
on the experience o f two experts with many years o f collecting and identifying 
invertebrates in the western USA (Wisseman 1996, McGuire 1996).
Percent predators The number o f individuals in the predator functional feeding group expressed as 
a proportion o f all individuals in the sample.
Percent parasites The number o f individuals in the parasite functional feeding group expressed as 
a proportion o f all individuals in the sample.
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Data analyses
To investigate the distributions o f benthic taxa in the Montana Valleys and 
Foothill Prairies ecoregion and the environmental factors that influence them, I analyzed 
the sites-by-taxa matrix with the complementary multivariate techniques o f ordination 
and classification. Ordination results are one or a few scores for each sample which 
locate the sample in space. The output is a graphical display in which similar samples, in 
this case benthic assemblages, are located near each other, and dissimilar assemblages are 
located farther apart. For ordinations, I used detrended correspondence analysis 
(DECORANA) (Hill 1979a) which has advantages over other ordination techniques 
(Gauch 1982). Environmental interpretation o f the ordination is possible and consists o f 
relating the community gradients presented in the graph with data on environmental 
gradients collected at the time o f sampling. I approached this by correlating physical and 
chemical data with the site scores o f the principal DECORANA axis, the axis that 
typically explains the most variance in the taxonomic composition and abundances o f the 
assemblages. This determined the environmental variables that had the greatest influence 
over the distribution o f benthic assemblages in the ecoregion. In order to partition the 
variability o f  the taxonomic composition o f benthic assemblages between that attributable 
to the dominant natural environmental gradient and that due to impact, I used a random- 
effects two-by-three analysis o f  variance (ANOVA) model. The factors were two levels 
o f elevation ranges, and three levels o f impairment derived from habitat assessment 
scores.
I used two-way indicator species analysis (TWINSPAN) (Hill 1979b) to group 
similar communities together into clusters. Combining the two multivariate analyses
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produces a display o f the continuous community variation on the two-dimensional 
ordination graph, with the classification o f communities into discontinuous types. The 
clusters are laid out along axes representing the interpretable environmental gradients.
In order to evaluate the metrics o f the bioassessment protocol in use by the State 
as well as other candidate metrics, I subjected the metrics to a three-pronged analysis. I 
wished to determine if metrics were sensitive to impairment, that is, if  they could 
individually and in combination distinguish impairment. I also wished to determine 
whether individual metrics were correlated with habitat variables thought to be 
vulnerable to human-induced impacts. Finally, I wished to investigate the sources o f each 
metric’s variability; better metrics might vary more with impact than with natural 
environmental gradients or with sampling error or error from other sources.
In addition to the biotic classification o f benthic assemblages, I used habitat 
assessment scores to classify a subset o f sites into two impact categories to test 
hypotheses concerning the ability o f  bioassessment metrics to distinguish severely 
impaired habitat conditions from the best available conditions. Sites with lowest habitat 
assessment scores were classified as severely impaired and sites with the highest habitat 
assessment scores were classified as having the best available condition. Classifying sites 
into the “best available condition” category presented more o f a problem than identifying 
severe impairment. While extreme degradation is fairly obvious from visual 
reconnaissance and habitat assessment scores, more pristine-appearing sites may be 
impaired by less obvious water quality impacts, the sources o f which are above the 
sampling site. I controlled for this by selecting sites with “best available condition” from 
those streams that I had surveyed more extensively. I purposely chose extremes o f impact
condition from among the array o f sites in the data set to make this test as conservative as 
possible. I used a graphical display o f the ranges o f metric values across the two impact 
categories, a test prescribed by Fore et al. (1996) for evaluating bioassessment metrics. 
Little or no overlap in metric value ranges between severely disturbed and least disturbed 
sites indicated that a metric could distinguish impact. I also evaluated the integrated 
bioassessment score for two metric batteries, the one currently in the State’s protocol, and 
a revised battery. To increase the validity o f  the evaluation, I used a nonparametric test, 
the Mann-Whitney test for equality o f  distributions, to examine metric ranges for 
significant differences between impact categories.
The broad-based approach to habitat assessment incorporated into bioassessment 
methods adapted from the U.S.EPA’s Rapid Bioassessment Protocol (Plafkin et al. 1989) 
evaluates degradation o f  habitat as factors that directly influence the structure and 
function o f benthic assemblages. The authors o f the habitat assessment protocol cite 
numerous sources (e.g. Minshall 1984, Newbury 1984, Osbourne and Herricks 1983) that 
corroborate the relationship o f  the parameters to the structure and composition o f the 
benthic biota. Evidence o f an association between individual habitat assessment 
parameters and individual bioassessment metrics would suggest an effect on the benthic 
assemblage in the presence o f degradation o f the habitat, and thus relationship o f the 
metric to habitat degradation. To elucidate these relationships, I looked for significant 
correlations between the nine habitat parameters and bioassessment metrics. I also sought 
correlations between metrics and the measured variables listed in Table 2, since those 
variables include some measures o f water quality which could affect benthic assemblages 
and which are not assessed in a habitat evaluation. A subset o f 44 sites was used for this
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analysis; these were sites on streams that I had surveyed more extensively. Metrics which 
were not associated with any habitat parameter or measured water quality variable 
apparently do not measure an element o f the benthic community associated with human- 
caused impact to stream habitat in any simple, direct way.
To partition the variability o f  metric scores over the range o f conditions sampled 
in the Montana Valleys and Foothill Prairies ecoregion, I arranged another classification 
o f a subset o f sites. Two categories were based on site elevation; they were comprised o f 
twelve sites at elevations above 6000 feet and twelve sites from below 6000 feet. The 
sites in each elevation category were further divided into three impact categories based, 
as before, on habitat assessment scores. Impact categories represented least impaired 
conditions, moderate degradation and severe impairment. As before, least impaired sites 
were gleaned from the sites more thoroughly surveyed. A two-by-three ANOVA was 
used to calculate the variance in each bioassessment metric for each random effect, 
namely elevation and impact. The analysis was also applied to the integrated 
bioassessment score using the State’s bioassessment metric battery as well as a revised 
group o f metrics assembled on the basis o f the results o f the evaluations described above.
Approximately ten percent (n =11) o f samples collected for this study were 
replicated; a second sample was taken at a nearby riffle judged to have similar habitat 
using the habitat assessment parameters as a guide for the judgement. Twenty-five 
additional sets o f replicated samples were gleaned from the State’s bioassessment data as 
it appears in reports generated by various contractors between the years 1990 and 1997. 
The 36 sets o f replicated samples had all been collected and analyzed according to the 
same protocol, and these data were used to examine the consistency o f the State’s
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bioassessment metric battery as compared to the revised battery. A consistent 
bioassessment battery would assign the same impairment classification to both replicates 
in a set. I used the impairment classifications for integrated score ranges specified in the 
State’s bioassessment protocol to assign impairment classifications to summed metric 
scores for sample replicate pairs.
In addition to a revision o f the bioassessment metric battery, I was also interested 
in the elements o f the habitat assessment currently used in the State’s protocol. I 
evaluated the habitat assessment for redundancy by seeking pairwise correlations among 
the nine parameters. Highly significant correlations would indicate that one o f the 
parameters adds little information on habitat condition when the other parameter is 
included. In addition I speculated on the possibility that replacing some o f the visually 
assessed parameters with other quantitatively measured but easily obtainable information 
could make the habitat assessment a more reliable tool in the bioassessment protocol.
Chapter 3 
RESULTS
Ordination and classification o f  taxonomic data
Figure 2 combines the DECORANA (DCA) ordination and the TWINSPAN 
classification o f the 93 Montana Valleys and Foothill Prairies (MVFP) sites into a single 
graph. Sites are arrayed along the first two DCA axes. Different colored markers 
represent sites clustered by TWINSPAN.
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Figure 2. DECORANA ordination o f M ontana Valleys and Foothill Prairies stream sites sampled in 1992 
and 1993. TW INSPAN groups are indicated by m arker colors. See Appendix for key to site numbers.
Although there is some overlap on the DCA plot, three subregional groups were 
clearly defined by the TWINSPAN classification, the red (low elevation, low gradient) 
group, the blue (intermediate elevation) group and the green (high elevation) group. The 
first TWINSPAN division separated the green group from the other sites (eigenvalue =
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0.411). Indicator taxa can be determined for each group; the combined presence or 
absence o f these taxa defines the division o f  sites into groups. The green group is 
distinguished by the presence o f the mayflies Acentrella insignificans and Drunella 
coloradensis; and midges Cricotopus spp. characterize the remaining sites. The indicator 
species for the green group suggests that elevation and water temperature may be 
environmental factors influential in the clustering o f these sites. Both A. insignificans and 
D. coloradensis are boreal, montane species confined to cold, rapidly flowing streams 
(Allen and Edmunds 1962, Jensen 1966). Only a single site in the green group was at an 
elevation lower than 6000 feet.
The second TWINSPAN division (eigenvalue = 0.229) broke the remaining group 
o f 67 sites into the red group (17 sites) and the blue group (50 sites). Indicator species for 
the red group were caddisflies Cheumatopsyche spp., Hydropsyche spp., Hydroptila sp. 
and the midge Theinemannimyia sp. The three caddisfly genera are generally associated 
with warmer water, and all are relatively tolerant to pollution (Johnson et al. 1993, 
McGuire 1992, 1995). Hydroptila sp. is usually found at sites with plentiful filamentous 
algae (Wiggins 1996). The tanypodine midge Theinemannimyia sp. prefers muddy 
substrates in streams (Fittkau and Roback, 1983). All sites in the red group were at 
elevations lower than 6000 ft. The array o f indicator species for this division suggests 
that considerable amounts o f fine suspended organic material in the red group may be 
related to the division o f sites. For the blue group, midges Pagastia sp., Eukiefferiella 
spp. and the mayfly Baetis tricaudatus were indicators.
In summary, the biotic classification o f sites represented by TWINSPAN clusters 
appears to be related to site elevation, at least for the red (low elevation) and green (high
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elevation) groups. The blue group is composed o f sites from both elevation groups, below 
and above 6000 ft., and it seems to be composed o f sites that might be considered the 
most characteristic representatives o f the MVFP ecoregion. A synopsis o f the 
TWINSPAN groups and their characteristics is given in Table 4.
Table 4. A summary of some characteristics of site groups clustered by TWINSPAN.
Red Blue Green
Distinguishing
macroinvertebrates
Cheumatopsyche
Hydropsyche
Hydroptila
Theinemannimyia
Cricotopus
Pagastia 
Eukiefferiella 
Baetis tricaudatus 
Cricotopus
Acentrella insignificans 
Drunella coloradensis
Elevation range 2745-5440 ft. 3425-7020 ft. 5725-7465 ft.
Range of gradient 0.3 -  2.6% 0.16-3.6% 0.67-4.1%
Number of sites 17 50 26
Axis 1 o f the ordination plot (Figure 2) explains most o f the variability o f the 
benthic communities o f the ecoregion. Spread o f points along DCA Axis 2 is mostly 
attributable to the outlier site number 76, a site which was severely impaired by grazing 
impacts; the sample was unusual in that it was dominated by the midge Psectrocladius 
sp. which occurred at only two other sites in low abundances. Correlations with 
environmental data showed that Axis 1 scores, which represent the distribution o f benthic 
taxa over the geographic extent o f the ecoregion, were most strongly associated with site 
elevation (r = .6743, p  < 0.001).
Figure 3 illustrates the scatter o f Axis 1 values against elevation. Physical features 
associated with changes in elevation, such as gradient (r = .5142, p  < 0.001) and water
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temperature (r = -.6140, p  < 0.001) also correlate significantly with axis 1 scores. Scatter 
o f the blue group sites suggests that axis 1 scores for this cluster may be less influenced 
by elevation. When the blue group is removed, the relationship o f axis 1 scores for the 
remaining two clusters strengthens (r = .8823, p  < 0.001), while the correlation o f blue 
site axis 1 scores with site elevation is not significant ( r = .2390, p  = 0.102). Axis 1 
scores for blue sites correlated most strongly with width/depth ratio among the physical 
variables I measured (r = -.3940, 0.1 < p <  0.01).
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Figure 3. Plot of DECORANA axis 1 scores vs. site elevation. Montana Valleys and Foothill Prairies 
ecoregion, 1992 and 1993. Marker colors indicate TWINSPAN clusters.
More than half o f the variability o f axis 1 scores for all sites is attributable to the 
effect o f elevation on the distributions o f benthic taxa. Only 16% of the variance is
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explained by the effects o f  impact. This is demonstrated by the analysis o f  variance 
illustrated in Figure 4.
□  Impact 
■  Elevation
□  E rro r
ANOVA results
SS d f MS EMS % o f variation
Error 43224.25 18 2401.35 ae2 31%
Elevation 51615.38 1 51615.38 12aA2 + 4 a  J  + a e2 53%
Impact 24636.08 2 12318.04 8a,2 + 4 0 a,2 + a e2 16%
Interaction 4403.25 2 2201.63 4 a AI2 + a e2 0%
Figure 4. Partitioning o f variability among impact and elevation for DECORANA axis 1 scores.
Sensitivity o f  the bioassessment metrics
Ten sites were categorized as relatively unimpaired, and eleven sites were classed 
as severely impaired, based on an evaluation o f  habitat assessment scores. Relatively 
unimpaired sites had habitat assessment scores ranging from 73% to 100% o f the 
maximum score, with an average o f  87% o f maximum. Severely impaired sites had 
habitat assessment scores ranging from 15% to 56% o f  maximum. The average score for 
severely impaired sites was 50.25% o f maximum.
I used boxplots o f  the ranges o f  metric scores for each o f  the two impact 
categories to evaluate the effectiveness o f  metric performance in distinguishing the
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impairment categories. O f the eight metrics comprising the State’s current battery for 
assessing the waters o f the MVFP ecoregion, only two were able to differentiate between 
impact categories (Figure 5). These were EPT taxa richness and the modified biotic 
index; the latter was somewhat less effective than the EPT richness metric. Median 
values for both metrics between the two impact groups were widely separated, but the 
ranges o f  the biotic index overlapped considerably, with one severely impaired site 
receiving a score better than the median score for the minimally impaired sites. There 
was no such overlap in EPT richness scores. The metrics scrapers plus shredders, percent 
dominant taxon, and Hydropsychinae as a percent o f Trichoptera showed complete 
overlap in ranges, while taxa richness, gatherers plus filterers, and percent EPT showed 
varying degrees o f  range overlap and median values separated by varying amounts.
I selected additional metrics to evaluate, based either on their use in other 
published studies, or on modifications o f the metrics already in use (Figure 6). For 
example, I tested whether either scrapers or shredders alone could distinguish sites. Both 
functional groups, however, produced completely overlapping ranges. Gatherers and 
filterers, though, produced a different result when evaluated separately. While the percent 
o f gatherers was nearly identical for both impaired and unimpaired conditions, filterers 
effectively distinguished sites, with fewer filtering organisms and a much smaller range 
for unimpaired sites than for impaired sites. When Ephemeroptera, Plecoptera and 
Trichoptera taxa were investigated separately, all three orders o f insects effectively 
distinguished sites, but Trichoptera taxa richness was perhaps a little less effective at 
doing so, with ranges closer together than for the other two orders. The relative
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Figure 5. Ranges o f  biotic metric values over sites grouped into 2 im pact categories. M etrics represented 
are 6 o f  the 8 used in the M ontana DEQ bioassessm ent protocol for the M VFP ecoregion.
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Figure 6. Ranges o f  biotic metric values over sites grouped into 2 impact categories. These are functional 
feeding group metrics. The current Montana DEQ metric battery includes Scrapers plus shredders and 
Gatherers plus filterers. The other metrics are candidate metrics for a revision to the DEQ bioassessment 
battery.
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Figure7. Ranges o f  biotic metric values over sites grouped into 2 im pact categories. M etrics represented 
are candidates for a revision to M ontana D E Q ’s bioassessm ent battery.
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abundance o f parasitic organisms effectively distinguished impairment from non­
impairment, with values above zero percent characterizing impaired sites. The percent o f 
predatory organisms did not distinguish between sites, nor could the total abundance o f 
organisms in the sample. No differentiating power could be attributed to any metrics 
based on voltinism. The percent o f tolerant taxa and number o f sensitive taxa (or 
sensitive taxa richness), were both effective at distinguishing impact categories.
Mann-Whitney tests for equality o f distribution for all metrics largely 
corroborated the results o f the boxplot study. Significance values for comparisons o f 
metric distributions over impact categories are given in Table 5.
Table 5. Significance o f Mann-Whitney U tests for equality o f distributions o f metric and bioassessment 
score ranges over two impact categories.
Metrics used in the Significance1 Additional metrics Significance1
State’s protocol
Taxa richness NS Sensitive taxa richness +++
EPT richness -H -f Percent tolerant taxa -H -f
Biotic index ++ Percent shredders NS
Percent dominant taxon NS Percent scrapers NS
Percent Hydropsych in ae NS Percent filterers ++
o f Trichoptera
EPT percent NS Percent gatherers NS
Percent scrapers plus NS Percent parasites NS
shredders
Percent gatherers plus NS Percent predators NS
filterers
Ephemeroptera taxa 
richness 
Plecoptera taxa richness
Trichoptera taxa richness
+++
-H-+
+++
l ’ +++ = p <  0.001, ++ =0.001 < p <  0.01, NS =/? > 0.01
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Correlation between metrics and habitat variables
Correlations (Kendall’s x) were determined for habitat variables and biotic 
metrics for a subset o f forty-four sites. These were the Dillon-area sites in southwestern 
Montana, for which more information was available due to more extensive sampling; 
conditions were surveyed along entire stream lengths in most cases. I was able to 
eliminate much o f the uncertainty about impact attributable to upstream conditions, 
which might not be apparent in a habitat assessment confined to the immediate vicinity of 
the sampled site.
Significance levels o f correlations between bioassessment metrics and estimated 
habitat variables are summarized in Table 6. O f the eight biotic metrics currently in use in 
the State’s bioassessment protocol for the Montana Valleys and Foothill Prairies 
ecoregion, only three show highly significant correlation with any habitat variable. O f 
these three, only the EPT richness metric has a highly significant correlation with the 
overall habitat assessment score (Ten), the summed scores o f all assessed variables. EPT 
richness is also highly correlated with the pool/riffle run/bend ratio (Six) and with the 
evaluation o f riparian vegetative quality (Nine). This metric is also correlated (0.001< p  < 
0.01) with three other habitat variables.
The modified biotic index is highly correlated with estimation o f pool/riffle 
run/bend ratio (Six), a measure o f stream morphology that probably reflects diversity o f 
larger-scale habitat. This index is also associated (0.001<p < 0.01) with perceived 
riparian vegetative quality (Nine). The only other metric in the current Montana DEQ 
battery to show correlation with any habitat variable is the percent EPT metric, which is 
highly correlated with riparian vegetative quality (Nine). The metrics taxa richness,
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percent dominant taxon and Hydropsychinae as a percent o f  Trichoptera produce no 
significant correlations with the habitat variables. Neither functional feeding group metric 
produces a significant correlation with any habitat variable.
Table 6. Significance o f correlation (Kendall’s x) between bioassessment metrics and habitat assessment 
parameters. (n=44). Habitat assessment parameters as in Table 2. Metrics comprising the State’s protocol 
are indicated with an asterisk.
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One Two Three Four Five Six Seven Eight Nine TEN
Taxa richness* NS NS + NS NS + NS NS + NS
EPT richness* NS ++ ++ + + +++ ++ + +++ +++
Biotic index* NS + + NS NS +++ NS NS ++ +
Collectors:Gath+Filterers* NS NS NS NS NS NS NS NS NS NS
%  Dominant taxon* NS NS NS NS NS NS NS NS NS NS
% Scrapers+Shredders* NS NS NS NS NS NS NS NS NS NS
%  EPT* NS + + NS NS + NS NS +++ NS
%  Hyd. ofTrich.* NS NS NS NS NS NS NS NS NS NS
Ephem eroptera richness NS + + + NS +++ + NS +++ +++
Plecoptera richness NS NS ++ NS + +++ + + +++ +++
Trichoptera richness + ++ + + ++ +++ + ++ +++ +++
% Filterers NS ++ NS NS NS NS NS NS NS NS
% G atherers NS NS NS NS NS NS NS NS NS NS
% Scrapers NS NS NS NS NS NS NS NS NS NS
% Shredders NS NS NS NS NS + NS NS ++ NS
%  Predators NS NS NS NS NS + NS NS +++ NS
# Sensitive taxa NS ++ ++ + NS +++ + + +++ +++
Total abundance NS NS NS NS NS NS NS +++ NS NS
%  tolerant taxa NS ++ ++ ++ + +++ NS NS + - H - +++
+++ = p <  0.001, ++ = 0.001 <p<  0.01, + =0.0\<p<  0.05, N S=/?>0.01
34
Table 6 also summarizes significance o f correlations between visually assessed 
habitat variables and additional metrics. Among functional feeding group metrics, only 
the percent predators shows a highly significant correlation with any habitat variable. 
However, some other metrics are highly correlated with several habitat variables as well 
as with the total bioassessment score (Ten). These are the three metrics based on the taxa 
richness o f the mayfly, stonefly and caddisfly orders, the sensitive taxa richness metric 
and the percent o f tolerant taxa.
Correlations between bioassessment metrics and measured physical and chemical 
variables are summarized in Table 7. Four o f the eight biotic metrics used in Montana 
DEQ’s protocol do not correlate significantly with any o f the nine measured habitat 
variables. O f the additional metrics tested here, four o f the twelve show highly significant 
correlations with one or more measured variable. Among the functional feeding group 
metrics, the combined gatherers and filterers is significantly correlated with the number 
o f substrate particle size classes. This association is clarified when the two trophic groups 
are considered separately; the percent gatherers metric is correlated (0.001 <p < 0.01) 
with particle size classes, but the percent filterers metric is not. On the other hand, 
significant correlation o f shredders with canopy cover did not result in significant 
correlation o f the combined metric scrapers plus shredders metric with that variable, 
possibly because o f the greater numbers o f scrapers compared to shredders generally 
found in streams o f the Montana Valleys and Foothill Prairies.
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Table 7. Significance of correlations (Kendall’s x) between bioassessment metrics and measured physical 
and chemical, variables (n =44). Measured habitat variables as in Table 2 and metrics as in Table 3. 
Metrics comprising the State’s protocol are indicated with an asterisk.
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Taxa richness* NS + NS + NS NS NS +
EPT richness* ++ +++ +++ +++ ++-»- ++ NS NS
Biotic index* NS +++ ++ ++ +++ ++ NS ++
Collectors: G+F* NS NS NS + NS NS +++ NS
%  Dom. taxon* NS NS NS NS NS NS + NS
Scrapers+Shredders* NS NS NS + NS NS NS NS
%  EPT* + +++ ++ + +++ + NS +
Hydro./Trich.* NS NS NS NS NS NS NS NS
Ephem. richness +++ +++ +++ +-++ +++ + NS NS
Plec. richness NS +++ + +++ +++ + NS NS
Trich. richness NS ++ ++ +++ ++ ++ NS NS
% Filterers NS + + + +++ NS NS NS
% G atherers NS NS NS + NS NS ++ NS
% Scrapers NS NS NS NS NS NS NS NS
%  Shredders NS NS + +++ + NS NS NS
%  Predators + +++ NS NS NS NS NS NS
# Sensitive taxa + +++ +++ ++ +++ +++ NS +
Total abundance NS NS NS NS NS NS NS NS
%  tolerant taxa ++ +++ +++ + +++ ++ NS ++
+++=p<0.001, ++ = 0.001 <p<  0.01, + =0.01 <p<  0.05, NS=p>0.01
Bioassessment metric variability: elevation and impact
To partition the variability in benthic communities between variability attributable 
to elevation and that attributable to impact, I used a random effects ANOVA model. Four 
sites from each o f the two elevation categories (above 6000 ft., and below 6000 ft.) in 
each o f three impact classes (minimal impact, moderate impact, severe impact, based on
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habitat assessment) were selected. A two-by-three ANOVA (two elevation levels and 
three impairment levels) was used to calculate the variance for each random effect, that 
is, for elevation and for impact. A similar analysis partitioning the variability in DCA 
axis 1 scores, which represent the taxonomic composition and relative abundances o f taxa 
comprising the benthic assemblages, demonstrates the predominant effect o f site 
elevation or its correlates on the composition o f benthic communities (Figure 4). By 
contrast, when community metrics were individually analyzed by the same test, elevation 
diminishes in importance as a contributor to the variability o f the respective metric 
values. For example, impact accounts for an estimated 71% o f the variation in EPT 
richness in macroinvertebrate communities, while elevation has little contribution to 
variability (Figure 8). For this metric, error accounts for 25% o f variability. Results o f 
similar analyses for the other metrics included in this study are summarized in Table 8.
Figure 8. Partitioning o f variability among impact and elevation for the EPT richness metric.
□  impact 
■  elevation
□  e rro r
ANOVA results
SS d f MS EMS % o f variation
Error 97.00 18 5.39 tf2e 25%
Elevation 10.67 1 10.67 12ct2e +4ct2Ei + a 2e 4%
Impact 241.58 2 120.79 8ct2| +4<J2ei +CJ2e 71%
Elevation x Impact 2.08 2 1.04 4<T2ei +{J2e 0%
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Table 8. Summary of ANOVA results: partitioning the variability of bioassessment metrics among that 
attributable to elevation, impact and error. Metrics comprising the State’s protocol are indicated with an 
asterisk.
Metrics Variability due 
to elevation
Variability due 
to impact
Variability due 
to error
Variability due 
to interaction 
between 
elevation and 
impact
Taxa richness* 20% 45% 34% 0%
Ephemeroptera richness 2% 53% 45% 0%
Plecoptera richness 1% 61% 38% 0%
Trichoptera richness 15% 35% 36% 15%
Sensitive taxa richness 31% 34% 35% 0%
Percent tolerant taxa 7% 6% 86% 0%
Percent filterers 0% 5% 55% 40%
EPT richness* 4% 71% 25% 0%
Percent dominant taxon* 21% 5% 74% 0%
Biotic index* 32% 20% 48% 0%
Percent scrapers plus 0% 30% 68% 2%
shredders*
Percent gatherers plus 0% 30% 70% 0%
filterers*
Percent EPT* 2% 2% 96% 0%
% Hyd. of Trich.* 42% 0% 16% 42%
Revising the MVFP metric battery
In any multimetric approach to bioassessment, metrics are integrated, or 
combined into a composite bioassessment score by first normalizing them using a 
transformation through which metric values become unitless, and scales become 
unidirectional. Scoring criteria are the means by which the transformation is 
accomplished. Transformed metric scores are then summed to give a total bioassessment 
score for a particular site. The Montana DEQ scoring criteria for its bioassessment metric
battery appear in Table 9. Based on the total bioassessment score expressed as a 
percentage o f the maximum score, a “water quality use support / standards violation 
threshold” (Bukantis 1998) is assigned by DEQ. These “thresholds” are analogous to 
impairment classifications. Scores above 75% o f maximum are designated “Full support 
-  standards not violated.” Scores between 25% and 75% o f maximum are designated 
“Partial support -  moderate impairment - standards violated.” Scores lower than 25% of 
maximum are designated “Nonsupport -  severe impairment -  standards violated.”
Table 9. Metrics and scoring criteria for the Montana DEQ’s bioassessment protocol for the Montana 
Valleys and Foothill Prairies ecoregion. (From Bukantis 1998).
Score
Metric 3 2 1 0
Taxa richness > 28 2 8 - 2 1 2 1 - 1 4 < 14
EPT richness > 14 1 4 - 1 3 1 2 - 1 1 < 11
Biotic index < 4 4 - 5 5 - 6 > 6
% Dominant taxon < 3 0 3 0 - 4 0 4 0 - 5 0 > 5 0
% Gatherers + filterers < 6 0 6 0 - 7 5 7 5 - 9 0 > 9 0
% Scrapers + shredders > 3 0 3 0 - 2 0 2 0 - 1 0 < 10
% Hyd. of trich. <75 7 5 - 8 5 8 5 - 9 5 >95
% EPT > 6 0 6 0 - 4 5 4 5 - 3 0 < 3 0
Using the results obtained from examination o f metric value distributions over 
impact categories, correlation between metrics and habitat variables, and sources of 
variability in metric scores, I assembled a revised metric battery for use in the Montana 
Valleys and Foothill Prairies ecoregion. Suggested metrics and scoring criteria for the 
revised battery are presented in Table 10.
Two methods for setting scoring criteria are reviewed by Gerritsen (1995). The 
first o f these uses samples from the entire population o f sites, including the best available 
condition, as well as all possible degrees o f impairment. The range o f metric values is 
divided into four sections, and transformed scores arrayed from best to worst from the
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Table 10. Suggested metrics and scoring criteria for the revised bioassessment battery for use in the 
Montana Valleys and Foothill Prairies ecoregion.
Score
Metric 3 2 1 0
Taxa richness >28 2 8 - 2 1 2 1 - 1 4 <14
Ephemeroptera taxa >6 4 - 5 2 - 3 0 - 1
Plecoptera taxa >3 2 - 3 1 0
Trichoptera taxa >4 3 - 4 2 0 -  1
Sensitive taxa >3 2 - 3 1 0
Percent tolerant taxa 0 - 5 5 .0 1 - 1 0 1 0 .0 1 -3 5 >35
Percent filterers 0 - 5 5 .0 1 - 1 0 10.01 - 2 5 >25
topmost section to the bottom section, for metrics that decrease in value for increasing 
impairment. In the second method, only sites with the best available condition, or 
reference sites, are used. The 25th percentile o f the distribution o f metric values is 
arbitrarily set as the criterion separating impaired from unimpaired scores. Since 
reference conditions are difficult to find in the Montana Valleys and Foothill Prairies, and 
since my data was made up o f samples from sites throughout the ecoregion selected 
without regard for degree o f impairment, the first method was the obvious choice for 
setting scoring criteria for the revised metric battery. The highest score was assigned to 
values above the upper quartile o f the metric’s range; values between the upper quartile 
and the median received the second highest score. Low scores went to values between the 
median and the lower quartile o f the value distribution, and values below the lower 
quartile received a score o f zero. The taxa richness metric was scored using the same 
criteria as that applied by the state, since that criteria corresponded rather closely with the 
range of taxa richness values for the sites in this study.
Total bioassessment scores were calculated for all sites using both the State’s 
metric battery (“Bioscore 1”) and the revised battery (“Bioscore 2”). I evaluated the two
total scores for sensitivity to impact and correlation with habitat variables using the same 
methods as for evaluation o f the individual metrics, and I examined the sources o f their 
variance. In addition, I tested the consistency o f the metric batteries by comparing their 
abilities to assign the same impairment classification to replicates.
Figure 9 compares the accuracy o f the two bioassessment scores for 
discriminating impairment classes. “Bioscore 1” has considerable overlap in score ranges 
between the two impairment classes; Mann-Whitney tests showed a mildly significant 
difference between the two score ranges {p = 0.002). “Bioscore 2”, the total 
bioassessment score from the revised metric battery, produced a highly significant 
difference in score ranges (p < 0.0001). Score ranges do not overlap between impairment 
classes.
“Bioscore 1” is highly correlated with a single visually assessed habitat variable 
(riparian vegetation) and correlated (0.001 <p  < 0.01) with two others (embeddedness 
and pool/riffle run/bend ratio) and with the total habitat assessment score. In contrast, 
“Bioscore 2” is correlated with all but two (bottom substrate and bank vegetative 
stability); correlations with two variables (pool/riffle run/bend ratio and riparian 
vegetation) are highly significant, as is its correlation with the total habitat assessment 
score. Among the measured physical and chemical variables, “Bioscore 1” is 
significantly correlated with conductivity alone. It is correlated (0.001 <p < 0.01) with 
canopy cover and water temperature. “Bioscore 2”, on the other hand, has a highly 
significant correlation with conductivity, gradient, canopy cover, water temperature and 
percent fines, and also is mildly correlated (0.001 <p  < 0.01) with pH.
41
N =  10 11
minimal impact severe impact
impact category
N =  10 11
minimal impact severe impact
impact category
10 11 
minimal impact severe impact
10 11 
minimal impact severe impact
impact category impact category
Figure 9. Comparing accuracy o f  two bioassessment metric batteries for distinguishing m in im ally 
impaired from severely impaired sites. Bioscore 1 is Montana D EQ ’s current method. Bioscore 2 is the 
revised bioassessment method.
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Calculated as before, sources o f variability for the two bioassessment methods 
were about the same. Figure 10 illustrates the partitioning o f variability attributable to 
impact and elevation for both scores.
Bioscore 1 Bioscore 2
□  im pact 
■  elevation
□  e r ro r
Figure 10. Partitioning the variability due to impact, elevation and error for two bioassessment methods 
intended for use in the Montana Valleys and Foothill Prairies ecoregion. Bioscore 1 is the method in 
current use by Montana DEQ, and Bioscore 2 is based on the revised battery o f metrics.
The State’s bioassessment method was able to assign the same impairment 
category to both samples in a replicate pair 27 times out o f 36 pairs, or 75% of the time. 
By contrast, the revised “Bioscore 2” was consistent 91% of the time for the same set of 
paired replicate samples.
Correlations between habitat variables
I looked for correlations (Kendall’s t ) between estimated habitat variables, which 
would suggest redundancy in the habitat assessment protocol. I also looked for 
correlations o f estimated habitat variables with measured variables. Easily measured 
variables that could be substituted for some o f the visually assessed variables may 
remove some o f the subjectivity and variability from habitat assessment.
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Table 11 summarizes these correlations. Among the visually assessed habitat 
variables, those dealing with sediment deposition appear to be correlated strongly with 
each other. In particular, correlations between variables One (bottom substrate), Two 
(embeddedness), Four (channel alteration) and Five (scour and deposition) suggest some 
redundancy. Variable Four (channel alteration) has highly significant correlations with 
four other habitat variables. Variables One (bottom substrate), Five (scour and 
deposition) and Seven (bank stability) each has highly significant correlations with three 
other variables.
Table 11. Significance o f correlations (Kendall’s t)  between visually assessed habitat parameters, and between these 
parameters and measured physical and chemical variables (n = 44). Visually assessed parameters as in Table 1, 
measured physical and chemical variables as in Table 2.
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O f the measured habitat and water quality variables, percent fines is highly 
correlated with four visually-assessed habitat variables, and with the overall habitat 
assessment score. The number o f discreet substrate particle size classes at a site was 
correlated (0.001 < p  < 0.01) with two o f the same three habitat variables. Habitat 
variable Nine (riparian vegetation) was significantly correlated with two water quality 
measures, and, predictably, with the measured canopy cover.
Revision o f  the habitat assessment protocol
Based on correlations between habitat variables, I revised the habitat assessment 
protocol in three ways. Six o f the nine habitat parameters from the Montana DEQ 
protocol are deleted. Second, three visually assessed variables, Six (pool/riffle, run/bend 
ratios), Seven (bank stability) and Nine (riparian vegetative quality) were retained from 
the original protocol, but their scoring was simplified. Finally, I added a scored 
translation o f two variables adapted from Wolman pebble counts, namely, the number of 
particle size categories, and the percent o f fines. For this purpose, fines are defined as 
particles in size classes o f 2 millimeters or less. Proposed scoring criteria for these five 
habitat variables are summarized in Table 12.
Plotting the relationships between total bioassessment scores and total habitat 
assessment scores for both the Montana DEQ protocol and the revised protocol allows a 
comparison o f the relative fit o f each combination. Scatterplots are given in Figure 11.
The fit o f habitat assessment against bioassessment is improved considerably with the 
revised protocol; correlation coefficients improve from r = .4504 for DEQ’s protocol to 
r = .7747 for the revised method.
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Data points lying to the lower right o f the regression line lie in the region o f the 
graph hypothesized to be associated with impaired water quality (Barbour and Stribling 
1991); the biotic assessment scores are lower than the habitat quality scores would 
predict. On the “Bioscore 2” vs. revised habitat score plot, three sites are outliers in this 
portion o f the graph. Interestingly, site number 63 had the highest conductivity reading 
(724) o f any site in the study, and site number 67 had the highest pH recorded (9.2). Site 
number 59 had both pH and conductivity readings among the highest in the study. These 
observations seem to support the hypothetical relationships proposed by Barbour and 
Stribling for bioassessment and habitat assessment scores.
Table 12. Suggested scoring criteria for variables used in the revised habitat assessment protocol. 1 From 
Barbour and Stribling (1991). 2 Adapted from Barbour and Stribling (1991).__________________________
Score
3 2 1 0
Pool/riffle 
run/bend ratio 
(distance between 
riffles divided by 
stream width)1
Ratio 5 -7 . Variety 
of habitat. Repeat 
pattern of sequence 
relatively frequent.
Ratio 7 - 1 5 .  
Infrequent repeat 
pattern. Variety of 
macrohabitat less 
than optimal.
Ratio 1 5 -2 5 . 
Occasional riffle or 
bend. Bottom 
contours provide 
some habitat.
Ratio > 25. 
Essentially a 
straight stream. 
Generally all flat 
water or shallow 
riffle. Poor habitat.
Bank stability1 Upper bank stable. 
No evidence of 
erosion or bank 
failure. Side sloped 
generally < 30°. 
Little potential for 
future problems.
Moderately stable. 
Infrequent, small 
areas of erosion 
mostly healed 
over. Side slopes 
up to 40° on one 
bank. Slight 
potential in 
extreme floods.
Moderately 
unstable. Moderate 
frequency and size 
of erosional areas. 
Side slopes up to 
60° on some 
banks. High 
erosion potential 
during extreme 
high flow.
Unstable. Many 
eroded areas. 
“Raw” areas 
frequent along 
straight sections 
and bends. Side 
slopes > 60° 
common.
Riparian
vegetative quality2
Dominant riparian 
vegetation is 
shrub. Riparian 
width >18 meters.
Dominant 
vegetation is of 
tree form. Riparian 
width 1 2 -1 8  
meters,
Dominant 
vegetation is grass 
or forbs. Width 6 -  
12 meters.
Over 50% of the 
streambank has no 
vegetation, and 
dominant material 
is soil, rock, bridge 
materials, culverts, 
or mine tailings. 
Riparian width < 6 
meters.
Percent fines < 20% 2 0 -3 0 % 3 0 -4 0 % > 40%
Number of 
Wolman classes
> 14 1 4 - 1 2 11 - 9 > 9
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Figure 11. Total bioassessment scores vs. total habitat assessment scores using Montana DEQ’s protocol 
(top graph) and the revised protocol (bottom graph) (n = 44). The correlation coefficient for the relationship 
in the top graph is r  = .4504 (0.001 <p < 0.01); for the relationship between scores using the revised 
protocol, r  = .7747 (p < 0.001).
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Chapter 4
DISCUSSION
Many states and agencies utilize “rapid” bioassessment protocols; similarly, 
resource managers in Montana seek an approach to the biological monitoring o f streams 
that provides a quick return o f easily-interpretable results with minimal cost. Ideally, a 
monitoring protocol could be generalized over a large geographic area, such as an 
ecoregion. To be o f maximum use to regulatory agencies, such as Montana DEQ, it 
should be able to assign impairment categories to sites based on the degree of 
anthropogenic degradation present. Minimally, it should be able to distinguish severe 
impairment from minimal impairment.
Unfortunately, once bioassessment protocols gain acceptance and are put to use, 
they continue to be applied uncritically. This paper suggests revisions to the protocol in 
use today by the Montana DEQ for monitoring and evaluating streams o f the Montana 
Valleys and Foothill Prairies ecoregion. The revisions are based on examination o f the 
variability o f benthic assemblages in the ecoregion, evaluation o f the sensitivity of 
metrics and integrated metric scores at detecting impairment, identification o f correlation 
between metrics and habitat features, and appraisal o f some o f the sources of variability 
in metric scores. Revisions are directed solely at data analysis; the sampling method and 
laboratory procedures in the State’s protocol are not altered. Thus, the recommended 
adoption o f the improved protocol would involve no added expense, but increased 
sensitivity and consistency, and stronger correlation with habitat variables.
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The variability o f  benthic communities in the MVFP ecoregion
Elevational variation in benthic macroinvertebrate communities is a well- 
documented phenomenon (e.g. Sheldon 1985, Ward 1986), and it is not surprising that, of 
the measured environmental parameters in this study, elevation was the predominant 
influence on distributions o f benthic taxa in the MVFP ecoregion. Spread of assemblages 
along the first principal DCA axis was substantially explained by site elevation.
However, when taxonomic data are translated into metrics intended to detect human 
impacts, the influence o f elevation on the attribute is typically eclipsed by that o f human- 
caused impact. The low variability attributable to elevation for many metrics suggests 
that a single metric battery can be assembled and applied to streams throughout the 
geographic extent o f the ecoregion.
Deleted bioassessment metrics
The plots o f the ranges o f bioassessment metrics across impact categories and the 
accompanying statistical test suggest that many metrics in the current battery do not 
reliably discriminate impact even between groups o f sites selected to represent extremes 
o f impact. Correlations with habitat variables thought to be benchmarks o f human-caused 
impacts (Barbour and Stribling 1991) were used as evidence that metrics were tracking 
impairment. Revision o f the DEQ bioassessment metric battery was made on the basis o f 
sensitivity in discriminating impact and correlation with habitat variables.
Based on these results, I suggest that the following metrics be dropped from the 
bioassessment battery: percent scrapers plus shredders, percent gatherers plus filterers,
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percent dominant taxon, Hydropsychinae as a percent o f  Trichoptera, the biotic index and 
percent EPT.
The rationale behind combining scrapers and shredders into a single metric may 
have been flawed. While shredders are associated with good riparian condition, 
allochthonous inputs o f organic material, good retention o f  woody debris, and other 
favorable habitat conditions, and while they are generally more sensitive organisms, the 
same cannot be said o f  scrapers. In fact, a typical biotic response to riparian damage and 
canopy depletion, channel overwidening and the thermal impact associated with both o f 
these is a dramatic increase in abundance o f  snails. Snails are categorized as scrapers in 
most functional lists o f  aquatic organisms. Despite the expected positive relationship 
between habitat quality and occurrence o f  shredders, a metric measuring the occurrence 
o f this functional group alone was ineffective in distinguishing impairment categories in 
this study.
Similarly, the combination o f  gatherers and filterers into a single metric appears 
to result in a metric that measures a community property unrelated to biotic integrity, 
habitat quality, or water quality impairment. Unlike the combination o f  scrapers and 
shredders, however, disentangling the contributing groups from the single metric does 
result in a metric, proportion o f  filterers, which was able to discern impact in this study.
In this ecoregion, filtering organisms are largely comprised o f black fly larvae and 
hydropsychid caddisflies, which are moderately tolerant o f  a range o f  water quality and 
habitat impairments. A large proportion o f these creatures in a benthic assemblage 
strongly suggests that fine organic particles are abundant in the system.
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The metric measuring the percent dominant taxon proved to be ineffective at 
distinguishing impact and unrelated to any measured or qualitatively evaluated 
environmental parameter studied here. This, and the finding that 74% of the variability o f 
this metric is attributable to error, supports the findings o f Hannaford and Resh (1995). 
These researchers conclude that a measure o f the percent dominant taxon is sensitive to 
the sub-sampling process, though it seems reasonable to speculate that sampling variation 
could contribute to the variability as well. Given the sample variability likely to be 
introduced by the sampling and sub-sampling methods used, the percentage o f occurrence 
o f the most common taxon seems less important than the identity o f the dominant 
organism. Many aquatic biologists may agree that a benthic sample that is overwhelmed 
by tubificid worms or by certain midges indicates that the habitat from which it came is 
probably degraded by sediment or suffers from water quality impairment. On the other 
hand, a sample that is rich in blackfly larvae or baetid mayflies gives much less 
information. Due to the gregarious nature o f simuliid flies, large numbers o f them might 
be collected by chance. In many MVFP streams, the ubiquitous Baetis tricaudatus is a 
dominant organism, by numbers; it is moderately tolerant o f many kinds o f impairment, 
and can be dominant even in minimally impacted streams, confounding interpretation.
The proportion o f Hydropsychinae o f Trichoptera proved to be a particularly 
useless metric in this analysis. The underlying assumption o f the ubiquity o f 
hydropsychid caddisflies is not accurate; 53% of all sites in this study and 79% of sites 
above 6000 feet had no occurrence o f these taxa in their sampled assemblages. Impact 
explained none of the variability in the metric score. The metric’s rationale is probably 
valid -  it assumes that the caddisflies Hydropsyche spp., Cheumatopsyche spp. and others
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of the subfamily are much more tolerant o f impacts to water and habitat quality than 
Trichoptera generally, and that as filter-feeders they indicate that suspended fine organic 
particles may be excessive. But these important features, community tolerance to 
pollution or habitat degradation, and utilization of suspended organic material can be 
measured in the benthic community in more robust ways.
The modification of the Hilsenhoff Biotic Index used currently by the State is 
probably an improvement over the original version, which was devised for a geographic 
region with severe problems with organic enrichment o f waters. The modified biotic 
index, in fact, correlates strongly with Axis 1 scores of the DCA plot in this study. This 
correlation suggests that the index is registering the difference in waters at different 
elevations in the MVFP ecoregion; sources of community differences could be due to 
fine sediment contribution to benthic substrate, water temperatures and stream gradients 
associated with elevation differences in these streams. ANOVA indicates that 32% of the 
variability o f this metric in this study was attributable to elevation. However, the metric is 
not effective at distinguishing impact categories in the test group o f sites. This may be a 
consequence o f the emphasis that the metric places on dominant organisms in a sample. 
The biotic index value is strongly influenced by the tolerance of the dominant organisms 
in an assemblage. Usually, the dominant organisms are moderately tolerant thus their 
abundance assures that the score will be a mid-range score. Organisms which are 
especially sensitive to pollution or impairment o f habitat have very little influence on the 
biotic index score, since these creatures typically do not occur in an assemblage in large 
numbers, and since their assigned biotic index scores are low, even zero for the “best” 
organisms. Despite their small influence on the modified biotic index score, it is the
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presence or absence o f these most sensitive organisms that has the most information to 
offer concerning the integrity o f the biotic community.
Incorporated bioassessment metrics
Based on the results of this study, I recommend the following battery o f metrics 
for use in the MVFP ecoregion:
• Taxa richness
• Ephemeroptera richness
• Plecoptera taxa richness
• Trichoptera taxa richness
• Percent tolerant taxa
• Sensitive taxa richness
• Percent filter feeders
Taxa richness appears to be one o f the most widely used metrics in rapid 
bioassessment protocols (Resh and Jackson 1993, Barbour et al. 1995) despite a generally 
recognized limitation; frequently, moderate inputs of organic pollution into previously 
oligotrophic waters will cause taxa richness to increase moderately. The streams o f the 
Montana Valleys and Foothill Prairies ecoregion are susceptible to such a result, since 
saprobity is not currently a widespread problem in waters of the State. Sensitivity o f the 
taxa richness metric may also be affected by sampling, sub-sampling and other sources of 
error (Hannaford and Resh 1995). Although evidence for its usefulness in the MVFP is 
not made clear by an examination of the ranges or significance o f difference in 
distributions over impact categories, I decided to include the metric in the battery 
proposed here. Care must be taken in interpretation of taxa richness, however, with its 
limitations kept clearly in mind, and evidence for organic pollution investigated in 
situations where taxa richness increases over time.
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O f all the metrics I tested, EPT richness was the best performer in tests for 
sensitivity and correlation with habitat parameters. In addition, 78% of its variability is 
explained by impact, the highest score for that feature o f any single metric. It may seem 
surprising, then, that I am suggesting that it be replaced by three metrics that break it 
down into its component parts, Ephemeroptera richness, Plecoptera richness and 
Trichoptera richness, calculated and scored separately. This decision was largely based 
on the correlation matrices, which suggested that the individual richness o f each insect 
order was indicating a different source o f impairment. Mann-Whitney U tests indicated 
that all three successfully distinguished most and least impacted sites. Fore et al. (1996) 
came to similar conclusions regarding these metrics in streams o f the Pacific Northwest. I 
propose that consideration o f the three separate insect order metrics may provide more 
information than does the single EPT taxa richness metric considered alone.
Ephemeroptera taxa richness was strongly correlated with two water quality 
parameters, conductivity and water temperature, and was mildly correlated with a third, 
pH. These results suggest that mayflies may be particularly susceptible to water quality 
impairment which result in alterations to these two chemical indicators. Some species o f 
mayflies, however, are known to be relatively tolerant to metal pollution (Norris and 
Georges 1993), so the suggested metric may not be sensitive to all sources o f water 
quality degradation.
Plecoptera taxa richness had the highest variability due to impact o f the three 
insect order richness metrics. This may indicate that among the three insect orders, 
stone fly taxa richness is the most sensitive test o f habitat degradation. Again, this would 
corroborate the findings o f Fore et al. (1996), who found that Plecoptera taxa disappeared
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from sites at lower levels o f  disturbance than did either Ephemeroptera or Trichoptera 
taxa.
Trichoptera taxa richness is more susceptible to variability due to elevation than 
the other two metrics. In addition, some o f its variability is attributable to interaction 
between elevation and impact. These findings suggest that separate scoring criteria may 
be needed for sites at high and low elevations. However, Trichoptera taxa richness 
correlated with the number o f  substrate particle size classes, and with the extent o f 
sediment deposition, suggesting that caddisflies indicate impacts to small-scale habitat 
features better than mayflies or stoneflies.
The percent tolerant taxa metric suffers from the same liability as the percent 
dominant taxon metric; it is susceptible to sampling and sub-sampling error. However, 
the Mann-Whitney U test indicates that the metric is very effective in discriminating 
between impact groups. Setting the scoring criteria to reflect the narrow range o f  tolerant 
taxa abundances that characterize least impaired conditions in the ecoregion makes the 
metric useful in the revised battery despite high error variability. In addition, significant 
correlation with the percent o f fine sediment suggests that the metric can indicate 
impairment due to this ubiquitous non-point source.
The large variability o f the sensitive taxa richness metric that is explained by 
elevation indicates that separate scoring criteria for high and low elevation sites may need 
to be developed. Highly significant correlations o f  this metric with several measured 
water quality variables as well as several visually assessed habitat quality parameters 
were evidence o f its usefulness in the revised metric battery.
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Filter-feeders were the only functional feeding group included in the revised 
bioassessment protocol. Dominance of this group of organisms provides an indication 
that suspended fine organic matter is abundantly available. Often, filamentous algae is 
also abundant where filter feeders dominate, because organic enrichment responsible for 
the abundance of the algae is the source o f the fine particulate organic matter used by the 
filterers (Bazata 1991). Though its error variability was large, the metric was effective at 
distinguishing impact.
The revised battery eliminates those metrics which were unable to distinguish 
among impact categories and were not significantly correlated to environmental 
variables. It adds metrics which are more sensitive indicators of changing environmental 
variables, better at detecting impact and less dependent on ubiquitous taxa. Performance 
o f the two metric batteries, the one currently in use by the State and the one 
recommended here, can be contrasted by examining their ranges, and their means and 
standard deviations over minimal and severe impact categories in Figure 9. While the 
DEQ battery shows considerable overlap in ranges, the new battery clearly distinguishes 
classes. Further, the low percentage contribution of elevation to the overall variation in 
benthic communities suggests that a single battery, using the metrics recommended here, 
may be adequate to assess habitat and water quality in MVFP streams.
There is some evidence that the suggested metric battery may be robust across 
seasons, too, but more study is needed to confirm or refute this. In a recent study o f Elk 
Creek, in the Garnet Mountains of Powell and Granite Counties, Montana (Miles et al. in 
preparation), a reclaimed placer mined stream was sampled in three seasons over four 
years to monitor benthic communities. While the State’s montane ecoregion metric
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battery was unable to distinguish impact categories, a metric battery similar to the one 
described here clearly differentiated minimally impaired sites from those recovering from 
reconstruction events. The State’s battery was also unable to clearly document the 
improvement in biotic integrity that was qualitatively evident in the community data. The 
revised battery o f metrics, however, tracked improvement over four years o f monitoring, 
and was effective for data collected in three seasons.
Future research needs
High variability o f many metrics attributable to error (Table 8) suggests that more 
study o f sampling and sub-sampling protocols would be helpful in further improving the 
bioassessment method in the MVFP ecoregion. It may be discovered that quantitative 
sampling methods or alternatively, increasing the size o f sub-samples, may reduce the 
variability o f metrics shown to be accurate discriminators o f human-caused impairment.
Other stratification schemes may shed light on the sources o f variability in metric 
scores that are attributed to error in this study. Stream size or perhaps level IV ecoregion 
divisions may suggest further refinements or changes to the MVFP bioassessment metric 
battery.
Appendices
SITES, LOCATIONS AND TAXONOMIC DATA
This section contains a list o f the streams sampled for this study and approximate 
geographic coordinates for the sampling location. Sites are numbered consecutively; gaps 
in the sequence are due to sites deleted from the study. Deleted sites were too near, or 
actually outside of, ecoregion borders. The total abundance figures represent an 
approximation o f the total number o f organisms in the entire macro invertebrate sample 
taken. Sample size is the number o f organisms comprising the subsample upon which the 
data o f this study is based.
Taxonomic data appears as pairs o f numbers in the lines following each site name. The 
first number in the pair corresponds to a discreet taxon, which may be determined by 
consulting the taxon list on page 70. The second number gives the relative abundance of 
that taxon in the subsample. This table shows five taxon / relative abundance pairs per line.
Site # 1: Whitetail Creek Location: N 48°22.58' W112°46.05' Total Abundance: 1141
Sample size: 259
1 .77000 2 5.79000 21 6.18000 24 1.16000 32 .39000 
39 42.86000 43 .39000 69 6.56000 81 2.32000 87 2.70000 
98 .39000 102 1.54000 104 .39000 109 .39000 115 .39000 
117 .39000 123 10.81000 131 .39000 143 1.16000 176 .77000 
153 3.09000 155 1.16000 160 3.47000 161 .77000 166 5.79000
Site #2: Post Creek Location: N 47°23.44' W114°6.44'
Sample size: 292
1 2.05000 17 .68000 28 .34000 32 3.42000 35 .68000 
39 7.53000 55 .68000 74 .34000 86 .34000 87 26.71000
89 3.08000 109 19.18000 118 .68000 123 15.07000 143 5.48000
147 5.48000 149 6.51000 154 1.03000 175 .34000 177 .34000
Site #4: Lavelle Creek Location: N 46°57.39' W114°5.16'
Sample size: 271
1 .74000 7 .37000 10 .74000 16 2.21000 24 1.85000 
29 19.93000 34 4.43000 39 1.48000 46 1.48000 55 1.85000
68 6.64000 81 11.44000 83 8.86000 90 .37000 107 .37000
109 1.11000 118 .37000 123 8.12000 124 1.85000 132 .37000 
136 .37000 147 .37000 166 2.21000 167 4.43000 175 2.21000 
177 15.87000
Site #5: ThreeMile Creek Location: N 46°34.1 O' W 114° 1.90'
Sample size: 287
1 7.32000 15 1.05000 33 .70000 36 7.32000 39 .35000 
67 1.39000 74 2.79000 77 .70000 83 8.36000 87 34.84000 
89 3.14000 102 5.23000 108 1.05000 109 11.15000 114 .35000 
123 2.44000 143 .35000 147 5.92000 149 .70000 154 1.39000 
155 .70000 177 2.79000
Site #6: Grasshopper Creek Location: N45°6.62' W112°47.95'
Sample size: 330
1 5.71000 28 1.20000 32 .30000 37 2.40000 39 7.81000
Total Abundance: 6864
Total Abundance: 1395
Total Abundance: 1543
Total Abundance: 2650
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41 .30000 44 1.50000 83 1.80000 87 16.22000 89 2.40000 
98 3.30000 109 3.60000 120 .90000 123 10.21000 131 1.80000 
132 .90000 143 13.21000 147 2.40000 149 18.02000 153 3.00000 
160 3.00000
Site #7: Governor Creek Location: N45°21.09' W113°24.49'
Sample size: 283
2 2.12000 8 1.41000 18 1.41000 24 .35000 28 .35000
31 .35000 37 .71000 39 14.49000 41 .35000 45 .35000
83 2.47000 87 11.66000 94 .35000 109 3.53000 115 .35000 
123 8.83000 125 .35000 132 .35000 142 .35000 143 4.24000 
147 4.95000 149 23.67000 153 2.83000 154 1.06000 160 2.12000 
167 .35000 177 10.60000
Site #8: Birch Creek Location: N45°22.89' W112°46.10'
Sample size: 287
1 12.20000 2 1.74000 8 2.79000 13 12.20000 17 4.18000
18 6.62000 29 1.05000 32 .35000 33 1.05000 44 1.05000
55 1.74000 63 2.79000 64 3.48000 71 .35000 81 3.14000
83 .70000 84 .70000 89 1.39000 102 .35000 108 1.39000
109 .70000 115 1.05000 122 .70000 123 5.23000 131 .70000
132 .35000 136 .35000 141 .35000 147 22.30000 149 1.74000
153 1.74000 154 1.05000 160 .35000 166 .70000 170 .35000
175 .70000 177 2.44000
Site #9: Cut Bank Creek Location: N48°39.65' W112°45.59'
Sample size: 324
1 2.78000 2 1.85000 6 .31000 12 2.78000 20 19.98000
32 .62000 36 6.48000 39 32.10000 45 .31000 67 2.16000 
74 1.54000 77 8.64000 87 5.56000 143 4.63000 147 1.54000 
151 .31000 153 1.85000 160 1.54000 167 .31000 175 .62000
177 7.10000
Site #10: Lolo Creek Location: N46°44.83' W114°4.53'
Sample size: 287
6 1.05000 8 2.09000 18 1.39000 24 .35000 29 .35000
32 2.44000 33 .35000 36 .70000 39 .35000 41 2.44000
54 .35000 56 .35000 66 1.05000 73 .70000 74 .70000
83 11.15000 8720.91000 113 1.74000 115 2.09000 120 .31000 
123 18.47000 131 .70000 132 3.14000 143 5.57000 149 7.67000
153 1.05000 154 .70000 160 1.74000 161 8.01000 175 .35000
177 .35000 176 1.74000
Site #11: Elk Creek Location: N45°38.64' W lll°2 7 .3 8 '
Sample size: 324
1 3.40000 2 1.24000 38 2.47000 39 5.25000 82 .31000 
87 2.47000 105 1.54000 109 3.40000 111 .31000 123 26.23000 
135 .93000 143 6.17000 147 9.57000 149 4.32000 153 26.85000
155 .31000 175 .93000 177 3.70000 176 .31000
Site #12: Little Blackfoot River Location: N 46°31.02' W112°47.66'
Sample size: 299
1 7.36000 13 .33000 28 .33000 31 1.00000 37 2.01000 
39 18.06000 41 1.00000 69 .67000 74 1.67000 76 2.34000
Total Abundance: unknown
Total Abundance: 1188
Total Abundance: 448
Total Abundance: 6768
Total Abundance: 4644
Total Abundance: 7092
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83 2.01000 87 15.38000 104 .33000 108 3.01000 109 3.01000
113 1.34000 115 1.34000 123 12.71000 130 .67000 131 .33000
142 4.01000 143 6.02000 147 7.02000 149 1.00000 153 .33000
154 .33000 160 2.34000 166 1.00000 177 3.01000
Site #13: Hay Creek Location: N45°30.75' W108°26.20'
Sample size: 303
1 31.02000 38 .99000 39 32.67000 43 .33000 45 .33000
83 1.98000 87 5.28000 99 .66000 104 .33000 109 1.98000
114 .33000 123 3.96000 143 5.94000 147 1.32000 155 .66000
166 .66000 167 8.58000 175 .66000 177 2.31000
Site # 1 4 : Pryor Creek Location: N45°31.76' W108°23.68'
Sample size: 293
2 .34000 22 2.05000 28 1.02000 37 2.39000 39 5.80000 
41 1.37000 82 1.71000 93 3.75000 99 5.12000 108 .34000
122 .34000 123 .68000 131 .34000 143 15.27000 144 .68000 
149 2.05000 153 2.05000 160 6.48000 166 4.78000 167 3.75000 
173 .34000 177 .34000
Site #15: Gallagher Creek Location: N45°4.35' W112°47.46'
Sample size: 261
1 2.30000 18 .77000 24 .38000 28 .38000 37 .38000 
39 8.05000 41 6.51000 45 .77000 52 2.30000 64 8.43000
68 .38000 83 3.45000 87 1.53000 102 .38000 109 .77000
114 .77000 122 .77000 123 5.75000 130 .77000 131 15.33000 
138 .38000 141 8.43000 143 3.45000 147 3.07000 176 .77000 
149 5.36000 153 6.51000 154 .38000 155 4.98000 177 6.51000
Site 16#: Birch Creek Location: N48° 18.90' W112°23.48'
Sample size: 249
21 3.61000 22 .40000 28 1.61000 37 4.42000 38 1.20000
39 9.24000 41 .40000 45 4.02000 87 11.65000 123 5.62000
125 2.41000 129 .40000 131 .80000 132 1.61000 140 .40000 
143 31.33000 176 .80000 149 .80000 150 16.87000 153 1.20000 
160 .40000 175 .80000
Site #17: Rottengrass Creek Location: N45°20.09' W107°37.83'
Sample size: 298
1 4.03000 28 4.70000 37 .67000 38 1.68000 39 18.46000
41 .67000 55 .34000 88 7.38000 93 2.35000 104 .34000
108 .34000 109 .34000 115 .34000 123 36.58000 125 4.70000
131 1.68000 132 1.68000 143 4.03000 144 1.01000 147 .34000
176 1.01000 149 1.01000 151 .67000 155 .34000 160 .34000
166 4.03000 167 1.01000
Site #18: Rattlesnake Creek Location: N45°12.22' W112°45.43'
Sample size: 286
1 18.88000 2 .35000 3 .35000 14 .35000 19 2.80000 
24 1.05000 26 .35000 39 1.05000 43 .35000 50 .70000 
64 1.05000 69 .35000 87 1.05000 103 .35000 108 1.40000
109 2.10000 114 .35000 123 2.10000 125 .70000 131 1.05000
132 .35000 141 1.05000 142 20.98000 143 4.55000 147 2.45000
149 9.79000 151 .35000 153 6.99000 154 10.49000 155 .35000
Total Abundance: 1215
Total Abundance: 7200
Total Abundance: 3792
Total Abundance: 5742
Total Abundance: 1668
Total Abundance: 1980
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166 1.05000 177 4.90000
Site #19: Miller Creek Location: N47°59.18' W112°21.38'
Sample size: 283
1 1.52000 2 3.04000 23 .38000 25 3.80000 28 2.28000 
38 4.18000 39 2.28000 81 1.52000 87 .76000 103 2.66000 
104 1.14000 108 1.14000 109 .38000 120 1.52000 123 15.59000
125 .76000 128 1.90000 132 1.90000 140 21.29000 143 15.21000
147 2.28000 176 .76000 153 7.22000 156 .76000 160 .38000
166 .38000 175 3.80000 177 1.14000
Site #22: Little Owl Creek Location: N45°13.17' W107°13.50'
Sample size: 281
1 2.49000 32 .36000 39 .36000 41 6.76000 87 9.61000 
90 1.42000 99 1.42000 108 .71000 109 .36000 123 16.73000
131 .71000 132 .36000 133 3.20000 135 2.49000 136 1.42000 
143 3.91000 147 .36000 151 .36000 152 2.14000 153 2.49000 
155 .36000 160 3.20000 162 .36000 169 6.41000 173 12.81000 
175 6.41000 177 12.81000
Site #23: Prickly Pear Creek Location: N46°35.94' W 111°55.79'
Sample size: 280
28 1.79000 32 6.07000 33 1.07000 45 .36000 74 2.14000 
76 .36000 80 .36000 83 7.14000 87 13.57000 102 1.07000 
104 .36000 115 .36000 123 2.50000 125 .36000 131 12.86000
132 .71000 141 3.21000 143 7.86000 147 14.64000 153 14.64000
154 .36000 155 .36000 160 .71000 166 .36000 173 3.57000 
175 .36000 176 2.86000
Site #24: Whitetail Creek Location: N45°52.93' W112°6.11'
Sample size: 303
1 4.62000 28 1.32000 37 49.50000 38 1.32000 39 3.96000 
41 .33000 87 9.90000 109 1.32000 120 .33000 121 1.32000 
123 6.60000 124 .33000 125 1.32000 131 .66000 132 .33000
135 11.22000 176 .99000 149 .33000 155 .66000 160 .33000
167 2.97000 177 .33000
Site #25: Sixteenmile Creek Location: N46° 16.43' W110°48.09'
Sample size: 273
1 1.47000 28 6.96000 39 1.47000 41 .37000 94 .37000 
99 1.47000 124 .73000 131 .73000 132 1.47000 134 24.18000 
143 2.20000 147 .73000 153 2.93000 155 .73000 156 .73000 
167 30.04000 173 12.45000 176 6.59000 177 4.40000
Site #26: Douglas Creek Location: N46°49.05' W113°2.82'
Sample size: 276
1 .72000 18 .72000 28 4.71000 37 .36000 38 5.43000
39 15.58000 41 1.81000 83 1.45000 109 3.62000 120 .36000
123 23.91000 124 .36000 131 1.45000 132 .36000 143 18.84000 
147 9.42000 176 .36000 149 2.17000 153 .36000 154 .36000
155 .72000 160 .36000 167 6.16000 177 .36000
Site #27: Little Bitterroot River Location: N47°32.67 W114°28.36' 
Sample size: 300
Total Abundance: 383
Total Abundance: 6120
Total Abundance: 2619
Total Abundance: 12600
Total Abundance: 4964
Total Abundance: 3600
Total Abundance: 1414
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38 11.67000 83 .33000 109 .33000 122 2.33000 123 77.33000 
125 1.67000 127 1.00000 135 4.00000 144 .67000 176 .33000 
153 .33000
Site #28: Cherry Creek Location: N45°37.36' W 111°32.92'
Sample size: 264
1 1.89000 12 1.14000 18 3.41000 24 .38000 28 1.89000
32 .38000 36 4.17000 37 .76000 39 11.36000 45 .38000
74 .38000 77 .38000 83 1.89000 87 7.58000 109 6.06000
115 1.14000 120 .38000 123 2.27000 132 3.41000 143 3.79000 
147 20.45000 153 5.30000 154 1.52000 155 .76000 160 7.58000 
167 .76000 172 .76000 173 3.03000 175 .76000 177 6.06000
Site #30: Prickly Pear Creek Location: N46°33.03' W 111°54.92'
Sample size: 274
1 1.82000 2 1.09000 28 1.09000 32 11.31000 36 1.46000
37 4.38000 39 5.11000 45 .73000 74 3.90000 77 .32000
85 .73000 87 11.68000 89 10.58000 97 .36000 98 .73000 
102 1.46000 108 2.19000 109 1.82000 112 .36000 113 .36000 
115 .36000 120 .36000 123 6.93000 131 .36000 143 8.76000 
147 4.74000 149 .73000 153 2.92000 154 .36000 155 6.93000 
160 1.09000 172 1.09000 175 2.55000 177 .73000
Site #31: West Fork Volney Creek Location: N45°24.28' W109°20.61' 
Sample size: 306
1 8.17000 18 1.63000 24 .33000 28 .98000 37 8.82000
38 1.31000 39 6.86000 50 .65000 87 19.61000 102 .33000
105 1.63000 108 1.31000 109 .98000 114 .65000 123 .98000 
125 2.94000 130 .33000 131 11.44000 132 .65000 135 3.27000 
141 .33000 143 20.26000 147 1.63000 153 .65000 167 4.25000
Site #32: Moose Creek Location: N45°42.84' W112°42.12'
Sample size: 291
1 13.40000 8 .34000 13 .69000 24 .34000 34 4.47000 
38 .34000 55 .34000 63 12.03000 87 15.46000 89 7.56000
99 .69000 108 2.06000 109 1.37000 115 1.03000 116 .69000
123 .69000 125 .69000 132 .34000 143 1.03000 147 2.41000
151 .34000 153 12.37000 154 16.15000 155 1.03000 160 .34000 
177 3.78000
Site #33: Beauvais Creek Location: N45°28.92' W107°46.16'
Sample size: 311
3 1.61000 22 1.61000 28 1.93000 38 22.19000 39 26.69000
41 .64000 87 2.57000 88 22.83000 93 4.50000 99 2.25000
104 .64000 120 .32000 123 .32000 131 .32000 143 7.72000
160 .64000 167 1.93000 176 1.29000
Site #34: Cut Bank Creek Location: N48°37.00' W113°2.23'
Sample size: 280
1 5.40000 2 2.52000 8 11.07000 12 .71000 20 3.57000 
24 .36000 32 .36000 33 33.21000 36 .36000 39 3.21000
61 .65000 63 .71000 67 2.14000 74 1.43000 76 1.07000
77 .36000 87 3.57000 89 1.43000 98 1.43000 108 1.43000
122 .71000 132 1.07000 143 4.64000 147 4.64000 149 7.86000
Total Abundance: 1536
Total Abundance: 349
Total Abundance: 2385
Total Abundance: 1543
Total Abundance: 1096
Total Abundance: 816
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153 3.57000 160 .71000 175 1.07000 177 1.43000
Site #35: Flint Creek Location: N46°37.65' W113°9.05'
Sample size: 316
1 5.38000 2 1.27000 6 1.58000 24 1.58000 28 22.15000 
32 4.75000 37 3.48000 39 8.86000 41 3.16000 77 .32000 
87 25.00000 94 .32000 104 .32000 108 .63000 109 2.53000
113 .32000 123 .32000 130 .32000 131 9.49000 132 .32000 
139 .32000 141 .63000 143 1.58000 147 .95000 150 .32000 
153 1.27000 160 2.22000 177 1.43000 176 1.90000
Site #36: Wisconsin Creek Location: N45°29.50' W112°15.07'
Sample size: 186
79 1.06000 80 1.06000 102 1.06000 114 1.06000 118 2.13000 
123 41.49000 128 1.06000 130 28.72000 131 20.21000 154 1.06000 
155 1.06000
Site #37: Ruby River Location: N45°10.74' W112°8.88'
Sample size: 300
1 11.33000 6 2.00000 20 .33000 28 1.67000 32 1.33000
36 .33000 37 6.00000 39 11.00000 45 .33000 69 1.00000
74 .33000 87 7.67000 89 .33000 98 5.67000 109 3.33000
123 24.00000 132 4.00000 143 1.00000 147 6.00000 176 .33000
150 .33000 151 1.00000 153 6.00000 154 .33000 155 .67000 
160 .33000 166 .33000 167 1.33000 175 .33000 177 1.33000
Site #38: Willow Creek Location: N47°32.73' W112°28.37'
Sample size: 291
1 9.62000 28 .34000 32 1.37000 38 2.06000 39 9.97000
52 .34000 74 .34000 77 6.87000 81 3.44000 87 8.59000
109 8.93000 114 2.06000 123 5.15000 132 4.81000 143 13.06000 
147 9.62000 149 5.50000 153 4.47000 175 .34000 177 3.09000
Site #39: Auchard Creek Location: N47°15.50' W 112°13.05*
Sample size: 299
1 14.38000 28 1.00000 38 5.35000 39 17.73000 41 1.00000
82 1.34000 87 7.36000 91 .33000 104 .33000 111 .33000
114 4.35000 120 2.68000 123 8.70000 130 .33000 132 2.68000
141 .67000 143 9.03000 147 .67000 176 4.35000 149 2.68000
151 8.03000 153 2.34000 155 .67000 160 .33000 166 2.01000
167 1.34000
Site #40: Flat Creek Location: N47°19.5T W 112°12.58'
Sample size: 301
1 3.65000 6 1.00000 19 2.99000 28 5.65000 32 22.26000
39 5.32000 45 1.66000 77 1.00000 81 2.66000 87 7.31000
89 1.33000 123 .66000 124 .33000 125 .33000 128 .33000
131 2.66000 132 .33000 134 .33000 136 .33000 143 3.99000
147 4.65000 149 2.33000 153 2.99000 160 1.99000 177 23.92000
Site #41: Volney Creek Location: N45°21.88' W109°22.13'
Sample size: 330
1 10.85000 4 .90000 28 1.20000 32 1.20000 37 6.33000
38 .60000 39 25.00000 40 .30000 41 .30000 87 18.67000
Total Abundance:3240
Total Abundance: 186
Total Abundance: 1980
Total Abundance: 3000
Total Abundance: 622
Total Abundance: 2385
Total Abundance: 4140
63
102 .60000 104 .30000 109 3.92000 120 2.11000 123 3.61000 
131 .30000 143 2.11000 147 1.81000 155 5.72000 160 .30000
166 .90000 173 8.13000 176 .30000 177 4.52000
Site #42: Fish Creek Location: N45°46.15' W112°14.02'
Sample size: 310
1 6.45000 12 4.52000 17 2.90000 29 5.48000 33 4.84000 
63 .32000 64 1.61000 67 .32000 69 .65000 81 1.61000 
83 2.26000 87 32.90000 102 2.90000 108 .97000 109 .97000 
113 .65000 115 1.94000 123 6.13000 132 .65000 136 .32000
141 .32000 142 9.35000 143 .32000 147 4.19000 149 .32000
153 .65000 154 4.19000 155 .32000 160 .32000 166 .65000 
173 .32000 177 .65000
Site #43: North Meadow Creek Location: N45°27.40' W 111°43.88'
Sample size: 292
1 4.45000 8 .34000 33 3.08000 39 1.37000 43 3.42000 
55 1.71000 56 .34000 63 .68000 64 1.37000 74 1.03000 
77 1.03000 87 20.55000 89 2.40000 108 2.05000 109 5.48000 
113 1.71000 115 .34000 123 5.48000 128 .34000 132 .34000
143 3.08000 147 11.64000 149 1.03000 153 16.78000 154 8.90000
155 .34000 175 .34000 177 .34000
Site #44: Cottonwood Creek Location: N46°23.92' W112°42.82'
Sample size: 275
1 2.91000 28 4.00000 44 10.18000 64 1.45000 87 8.00000 
91 .73000 108 .36000 109 .73000 110 4.36000 113 .73000 
122 2.18000 123 20.73000 124 1.82000 128 .73000 130 .73000 
131 2.55000 134 .36000 142 10.18000 143 13.09000 147 5.09000
149 .73000 153 5.82000 154 .36000 175 .36000 177 1.82000
Site #45: Sweathouse Creek Location: N46°25.45' W114°8.73'
Sample size: 298
1 .67000 6 .34000 8 1.01000 13 .34000 14 .34000 
19 1.29000 36 .67000 41 1.34000 44 5.70000 55 .34000
70 .34000 81 3.69000 83 2.35000 87 11.74000 99 .34000
115 .67000 122 .34000 123 12.42000 132 2.01000 141 1.01000 
143 2.01000 147 3.02000 176 3.02000 149 22.82000 153 15.77000 
154 1.01000 166 .34000 171 2.01000 172 .34000 177 2.68000
Site #46: Warmsprings Creek Location: N46° 10.43' W112°47.88'
Sample size: 313
1 9.58000 38 .32000 39 15.34000 41 17.57000 45 .64000
55 .32000 77 1.92000 80 .32000 81 4.15000 87 5.11000
90 .32000 108 1.92000 109 1.28000 128 1.60000 130 .32000 
131 2.88000 132 .64000 143 3.51000 176 6.39000 149 11.50000 
153 1.28000 154 3.19000 167 4.47000 175 4.15000 177 1.28000
Site #48: Elk Creek Location: N46°1.46’ W110°38.17'
Sample size: 292
1 9.93000 6 .34000 8 1.37000 19 .68000 20 1.03000 
24 .34000 28 .68000 29 1.03000 32 6.16000 38 .34000
39 4.79000 41 .34000 69 .68000 74 5.17000 77 2.07000
87 8.56000 100 .34000 102 .34000 109 2.05000 115 1.03000
Total Abundance: 944
Total Abundance: 4338
Total Abundance: 2964
Total Abundance: 7020
Total Abundance: 3960
Total Abundance: 3180
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123 3.08000 132 .34000 140 .34000 143 42.81000 144 .68000
147 .34000 176 .68000 149 .34000 153 1.03000 155 .34000
173 .68000 175 .68000 177 1.37000
Site #49: Mission Creek Location: N47°22.08’ W 110° 14.38'
Sample size: 306
1 7.85000 2 .65000 6 1.31000 20 .33000 24 .33000 
28 1.96000 29 .65000 32 .33000 37 25.16000 38 3.92000
39 4.90000 55 .33000 69 .65000 87 12.75000 89 1.31000
97 4.25000 105 .33000 108 2.29000 109 2.29000 113 1.31000
122 .98000 123 4.58000 125 .33000 143 1.63000 144 .33000 
147 1.31000 149 5.23000 151 .33000 154 .33000 155 1.31000
159 5.23000 160 4.58000 172 .33000 177 .65000
Site #50: Muddy Creek Location: N44°42.71' W 112°52.07'
Sample size: 301
1 1.01000 2 13.13000 10 1.01000 1622.56000 32 .34000
72 1.68000 83 14.48000 102 2.36000 109 .34000 110 1.01000
123 2.69000 125 .67000 142 10.44000 147 9.09000 153 4.71000 
154 14.48000
Site #51: Muddy Creek Location: N 44°41.02' W 112°51.01'
Sample size: 323
1 8.44000 13 .65000 16 .97000 32 .32000 37 .32000 
43 4.87000 55 .65000 69 .32000 81 4.22000 83 .97000
87 41.56000 102 .32000 109 2.92000 115 .32000 123 .97000
125 1.62000 126 .97000 128 .97000 130 .65000 142 2.27000
143 1.95000 147 10.39000 153 8.12000 155 .97000 177 4.22000
Site #52: Muddy Creek Location: N44°39.52' W112°49.83'
Sample size: 284
1 7.07000 32 7.74000 43 2.02000 50 5.39000 69 .34000 
77 .67000 87 1.01000 95 .34000 123 5.05000 125 4.04000
128 .34000 130 1.35000 132 2.02000 142 .34000 143 5.72000
147 1.01000 153 51.85000 154 2.69000 160 1.01000
Site #53: Muddy Creek Location: N44°38.15' W112°48.22'
Sample size: 321
1 8.95000 32 66.36000 43 1.54000 87 .62000 109 .93000 
118 .62000 123 5.86000 125 .62000 126 .62000 128 .93000
130 1.85000 132 .62000 142 .31000 143 2.47000 149 .62000
153 2.16000 154 4.01000 177 .93000
Site #54: Big Sheep Creek Location: N44°35.02' W112°47.88'
Sample size: 330
1 23.68000 12 1.75000 32 2.63000 41 .88000 55 .29000
74 .29000 77 .29000 80 .29000 81 .29000 87 1.75000
4 108 10.82000 109 19.59000 114 .58000 123 1.75000 130 3.51000
131 .29000 143 1.75000 147 14.33000 149 1.75000 153 1.46000
154 2.63000 161 .29000 173 7.89000 177 1.17000
Site #55: Big Sheep Creek Location: N44°36.54' W112°48.09'
Sample size: 322
1 32.30000 12 1.86000 13 .31000 24 .31000 37 .93000
Total Abundance: 3185
Total Abundance: 2700
Total Abundance: 1292
Total Abundance: 1670
Total Abundance: 1328
Total Abundance: 803
Total Abundance: 2736
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39 .62000 41 4.35000 44 2.17000 80 .31000 81 .62000
87 9.32000 98 .93000 108 6.83000 109 7.45000 118 .62000
122 .31000 123 4.66000 125 4.04000 130 3.11000 131 2.80000 
132 4.35000 143 1.24000 147 1.86000 149 .93000 153 .93000 
154 3.73000 155 .31000 161 2.48000 176 .31000
Site #56: Big Sheep Creek Location: N44°39.52'W 112°46.23'
Sample size: 323
1 22.60000 12 3.72000 24 .93000 37 .62000 39 6.19000
43 5.88000 58 .31000 69 1.24000 76 .93000 80 .31000
81 5.57000 87 27.24000 92 .31000 98 .93000 108 .31000 
109 1.24000 118 .62000 123 2.79000 125 .31000 131 1.86000 
142 .93000 143 .62000 147 4.64000 149 5.88000 153 1.24000 
154 1.24000 167 1.24000 177 .31000
Site #57: Big Sheep Creek Location: N44° 40.42' W112°44.41'
Sample size: 326
1 20.94000 12 .63000 24 .94000 28 .31000 32 .31000
37 .63000 43 4.38000 55 .31000 69 1.25000 81 1.88000
87 44.69000 98 .31000 102 .63000 109 .94000 118 .31000
123 1.56000 125 .63000 130 1.25000 131 .94000 142 .63000 
147 2.81000 149 4.38000 153 4.38000 154 4.38000 177 .31000 
176 .31000
Site #58: Clark Canyon Creek Location: N45°0.45'W112°48.48'
Sample size: 221
1 19.00000 2 11.31000 10 2.26000 13 2.71000 49 .45000
55 .45000 64 4.52000 87 .45000 91 .45000 102 .45000
105 .90000 109 41.63000 118 .45000 122 .45000 123 .90000
132 .45000 147 6.79000 154 4.98000 177 1.36000
Site #59: Clark Canyon Creek Location: N44°59.94' W112°46.34'
Sample size: 13
43 7.69000 80 7.69000 83 7.69000 91 23.08000 96 7.69000 
97 7.69000 110 7.69000 146 7.69000 147 23.08000
Site #60: Clark Canyon Creek Location: N44°55.9T W112°46.35'
Sample size: 303
1 1.97000 2 8.20000 10 3.93000 30 .33000 41 .33000 
43 4.59000 55 .33000 57 50.49000 64 .66000 65 .66000
80 .33000 102 .66000 105 .66000 109 .33000 110 .33000
118 .33000 122 14.10000 123 .33000 125 .33000 147 3.93000
149 .33000 153 3.61000 154 2.95000 177 .33000
Site #61: Clark Canyon Creek Location: N45°0.1 9 'W112°47.77'
Sample size: 162
1 21.60000 2 14.81000 10 1.85000 13 1.23000 16 .62000
24 .62000 48 .62000 57 .62000 64 4.32000 80 1.23000
105 1.23000 109 34.57000 110 .62000 114 1.23000 134 .62000 
147 6.17000 149 1.23000 153 2.47000 154 3.09000 155 .62000 
176 .62000
Total Abundance: 753
Total Abundance: 2601
Total Abundance: 221
Total Abundance: 13
Total Abundance: 600
Total Abundance: 162
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Site #62: Little Basin Creek Location: N44°43.82' W112°19.83'
Sample size: 218
1 4.30000 2 .36000 46 19.00000 80 .72000 109 1.79000
122 1.43000 123 44.80000 125 3.58000 130 .36000 132 .36000 
141 1.43000 147 .72000 149 8.24000 153 .36000 154 .72000
168 4.30000 175 3.23000 177 4.30000
Site #63: Little Basin Creek Location: N44°43.64' W 112°20.71'
Sample size: 272
1 12.96000 24 14.81000 46 2.59000 48 .74000 80 2.59000 
83 .37000 99 .37000 105 4.44000 109 37.04000 110 .37000 
114 .37000 123 .37000 130 3.70000 132 1.85000 143 .37000 
147 6.30000 149 1.11000 153 1.11000 154 1.11000 166 .74000 
175 .37000 177 6.30000
Site #64: Little Basin Creek Location: N44°44.14' W112°24.47'
Sample size: 307
1 23.92000 11 .33000 24 .33000 33 .33000 37 3.65000 
49 2.99000 53 7.97000 64 .33000 77 .33000 81 9.97000 
87 17.28000 102 .33000 109 11.63000 114 .33000 118 .33000
123 1.00000 125 2.33000 130 .66000 131 3.32000 143 2.33000
147 4.98000 176 .33000 149 .66000 153 .66000 154 1.00000 
172 .33000 177 2.33000
Site #65: Little Basin Creek Location: N44°43.96' W112°24.92'
Sample size: 308
1 17.15000 11 2.59000 19 11.00000 24 .65000 28 .32000
32 .32000 37 2.91000 49 .32000 51 1.29000 53 2.59000
64 .32000 77 .65000 81 .32000 87 5.50000 109 9.06000
110 2.59000 123 2.27000 125 12.94000 130 3.24000 131 7.77000 
143 4.53000 147 1.29000 149 .32000 153 1.62000 154 4.21000 
155 .65000 177 3.56000
Site #66: Basin Creek Location: N44°45.16' W112°24.41'
Sample size: 315
1 .91000 11 4.57000 13 .91000 33 1.52000 39 .30000 
55 .30000 64 7.32000 74 .91000 77 .61000 81 3.96000
87 37.20000 102 .61000 107 .61000 110 .30000 113 .61000 
114 .61000 122 .61000 123 .30000 125 7.93000 131 1.52000 
132 .61000 142 .91000 143 5.18000 147 3.05000 149 .91000 
153 11.59000 154 3.05000 166 .30000 177 2.74000
Site #67: Basin Creek Location: N44°43.18' W112°27.45'
Sample size: 305
I 23.05000 80 .68000 105 .68000 109 45.08000 130 7.46000
132 .34000 143 1.69000 147 1.02000 176 2.71000 149 4.07000 
155 6.78000 156 .68000 173 .68000 177 5.08000
Site #68: Basin Creek Location: N44°45.25' W112°30.22'
Sample size: 296
II  .33000 16 .33000 24 .98000 28 5.88000 37 15.69000
51 .33000 64 3.59000 80 2.94000 81 5.56000 87 13.07000
100 .65000 109 1.96000 114 .33000 125 9.48000 128 .33000 
131 4.25000 132 1.63000 134 10.46000 143 .65000 176 .98000
Total Abundance: 218
Total Abundance: 272
Total Abundance: 660
Total Abundance: 1143
Total Abundance: 6408
Total Abundance: 7848
Total Abundance: 2988
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149 1.63000 153 5.23000 154 10.13000 156 1.63000 177 1.96000
Site #69: Basin Creek Location: N44°44.54' W112°29.14'
Sample size: 310
1 25.57000 51 .65000 80 1.29000 81 .65000 87 2.91000 
105 1.62000 109 6.15000 122 2.59000 123 9.71000 125 3.24000
131 .65000 134 32.04000 149 .65000 153 7.12000 154 4.53000
164 .32000 177 .32000
Site #70: Cottonwood Creek Location: N44°57.10' W112°25.69'
Sample size: 330
1 9.61000 2 12.31000 9 4.20000 10 4.50000 13 5.41000 
16 2.10000 17 1.50000 33 .30000 36 3.00000 48 .30000
55 6.00000 59 1.20000 60 .30000 72 5.71000 83 10.51000
102 1.20000 109 .90000 114 .60000 122 14.41000 123 1.20000
136 .30000 141 .30000 147 2.70000 149 4.20000 153 .60000
154 3.60000 155 1.50000 177 1.50000
Site #71: Cottonwood Creek Location: N44°56.83' W112°25.66'
Sample size: 307
1 6.51000 2 11.73000 9 2.28000 10 3.91000 13 3.91000 
16 2.93000 17 .98000 20 .98000 36 1.63000 55 1.98000
59 1.32000 60 .33000 62 1.30000 66 2.61000 72 1.63000
83 4.23000 102 .33000 104 .65000 107 .65000 108 .98000 
109 4.89000 122 8.79000 123 1.30000 136 .33000 143 .65000
147 6.84000 149 16.29000 154 3.58000 155 .33000 177 6.19000
Site #72: Cottonwood Creek Location: N44°56.59' W112°25.74'
Sample size: 324
1 13.27000 2 .62000 9 .31000 10 .31000 11 .31000 
13 16.36000 17 .31000 30 1.54000 33 3.70000 43 .62000
55 1.24000 59 .31000 65 2.16000 66 4.01000 83 .93000
104 .31000 109 .93000 122 16.67000 136 .62000 147 24.07000
149 2.16000 153 .31000 154 1.85000 155 1.85000 177 5.25000
Site #73: Cottonwood Creek Location: N44°56.38 W112°25.97'
Sample size: 329
1 5.78000 2 .61000 10 3.04000 11 .91000 16 3.65000 
33 2.43000 47 .61000 55 1.50000 56 .30000 59 4.80000
62 .30000 65 9.12000 66 3.34000 72 .30000 83 .91000
102 .30000 104 1.52000 122 23.71000 136 .30000 141 1.22000
145 .61000 147 19.45000 149 4.86000 154 .91000 155 1.22000
166 .61000 177 7.60000
Site #74: Little Sage Creek Location: N44°48.19' W112°30.59'
Sample size: 292
1 19.86000 19 .68000 24 .34000 33 8.22000 37 .34000 
55 5.48000 74 .34000 77 .34000 83 5.14000 84 3.08000 
87 33.90000 89 5.82000 102 1.37000 114 .34000 122 .34000
123 .34000 125 4.45000 126 .34000 132 .34000 142 2.40000
143 1.71000 147 2.05000 149 .34000 153 1.71000 154 .34000 
177 .34000
Total Abundance: 936
Total Abundance: 428
Total Abundance: 1962
Total Abundance: 2277
Total Abundance: 2097
Total Abundance: 1860
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Site #75: Little Sage Creek Location: N44°48.86' W112°29.78'
Sample size: 295
1 7.12000 26 .34000 41 .34000 64 3.39000 83 11.53000 
87 8.47000 100 .34000 109 15.25000 123 1.36000 125 6.10000 
130 1.69000 131 10.17000 132 .68000 147 5.76000 149 22.03000 
163 .34000 164 .68000 176 .68000 177 3.39000
Site #76: Little Sage Creek Location: N44°49.58' W112°28.96'
Sample size: 296
1 .34000 24 2.36000 80 .34000 109 16.55000 125 4.05000 
128 3.04000 130 1.01000 131 .68000 141 1.01000 145 .34000 
149 14.19000 153 .34000 164 55.74000
Site #77: Little Sage Creek Location: N44°49.88' W112°28.44'
Sample size: 298
1 14.43000 19 .34000 32 1.68000 33 .34000 37 6.04000
39 2.68000 41 1.01000 49 .34000 64 14.09000 80 1.34000
81 9.73000 87 2.35000 105 .67000 109 11.41000 114 .34000
118 .34000 123 3.02000 125 6.71000 130 .67000 131 5.37000 
132 1.68000 134 1.34000 147 2.35000 149 4.70000 153 .34000 
154 .34000 166 .34000 174 2.01000 177 4.03000
Site #78: Bean Creek Location: N44°34.65’ W112°1.58'
Sample size: 321
1 8.72000 2 .31000 9 14.02000 10 2.80000 16 11.84000 
17 .62000 20 .31000 26 1.25000 30 .62000 36 1.87000
46 1.25000 55 4.03000 58 .31000 59 .31000 62 .62000
65 5.30000 69 1.25000 72 1.25000 83 24.61000 102 .62000 
106 .31000 122 1.25000 147 2.49000 149 5.92000 177 8.10000
Site #79: Bean Creek Location: N44°34.31' W 112°1.36'
Sample size: 321
1 8.41000 2 .62000 9 .62000 10 2.18000 11 3.12000 
13 6.85000 16 2.80000 17 .62000 26 .31000 30 .31000
46 1.25000 55 2.17000 59 .31000 63 .62000 65 13.08000
69 .31000 72 1.56000 83 9.97000 99 .31000 102 2.18000
106 .31000 122 5.61000 142 1.56000 147 15.26000 149 2.80000 
153 10.59000 154 5.30000 175 .31000 177 .62000
Site #80: Bean Creek Location: N44°33.93' W112°0.85'
Sample size: 298
1 8.39000 10 4.36000 11 .34000 16 21.14000 17 .34000 
19 .34000 20 1.01000 26 4.70000 46 1.34000 49 .34000 
55 6.71000 62 1.34000 65 19.46000 69 1.01000 72 6.38000
82 1.68000 102 .67000 103 .34000 122 3.36000 141 .67000
147 .67000 149 10.74000 177 4.70000
Site #81: Bean Creek Location: N44°34.06' W112°1.22'
Sample size: 330
1 3.33000 2 1.82000 9 .61000 10 2.42000 13 1.21000 
16 18.18000 17 3.94000 26 .61000 30 .61000 46 5.15000 
55 4.85000 57 .30000 62 1.52000 63 .30000 65 28.18000
69 .61000 72 2.42000 82 6.67000 99 .30000 102 .91000
106 .91000 122 4.55000 147 .91000 149 4.85000 153 .30000
Total Abundance: 1386
Total Abundance: 1800
Total Abundance: 1800
Total Abundance: 600
Total Abundance: 1404
Total Abundance: 470
Total Abundance: 600
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158 .30000 175 .30000 177 3.94000
Site #82: Price Creek Location: N44°35.72' W112°7.83'
Sample size: 303
1 24.09000 2 3.96000 12 .33000 29 .66000 44 .66000
55 4.95000 63 .99000 64 2.64000 69 2.31000 74 .99000
81 .33000 87 29.04000 102 6.27000 108 1.32000 109 5.61000 
118 .33000 123 .99000 125 .33000 143 .33000 147 2.31000 
149 2.31000 153 3.96000 154 1.65000 177 3.63000
Site #83: Price Creek Location: N44°35.38' W112°7.71
Sample size: 281
1 15.66000 2 6.76000 11 .71000 24 .36000 55 3.20000
69 .36000 74 .36000 78 .36000 81 .71000 87 4.98000
102 .36000 108 2.85000 109 23.84000 123 .36000 145 .71000 
147 10.68000 149 2.14000 153 10.68000 154 2.49000 177 12.10000
Site #84: Price Creek Location: N44°34.88' W112°7.57'
Sample size: 318
1 16.04000 2 6.60000 11 3.14000 12 2.52000 26 .63000
46 .31000 55 4.72000 64 .63000 69 .94000 80 .31000
81 .94000 84 .31000 87 2.20000 102 1.26000 109 12.26000
123 .31000 125 .94000 131 .31000 142 7.86000 147 9.43000 
149 .63000 153 20.13000 154 7.55000
Site #85: Price Creek Location: N44°34.02 W112°7.52'
Sample size: 318
1 39.62000 2 .94000 9 10.06000 10 1.89000 13 4.40000
16 6.29000 17 7.23000 20 2.20000 30 .63000 46 1.26000 
55 5.66000 72 .31000 83 4.72000 102 .63000 109 .94000
122 6.60000 132 .31000 147 1.89000 149 1.57000 153 .63000 
154 .63000 165 .31000 177 1.26000
Site #86: Stone Creek Location: N45°13.04'W 112°22.18'
Sample size: 220
1 25.45000 2 8.18000 9 .45000 11 3.18000 13 2.73000 
32 .91000 39 9.55000 64 .91000 81 6.36000 83 4.55000 
84 .45000 87 1.82000 101 .45000 109 1.82000 122 3.64000
123 1.36000 136 .45000 143 1.36000 147 14.55000 149 .45000 
153 2.27000 154 8.18000 177 .91000
Site #87: Stone Creek Location: N45°l 1.84' W112°19.87'
Sample size: 317
1 17.98000 2 1.89000 24 .95000 33 .95000 55 .63000 
57 2.84000 64 2.84000 81 .32000 83 12.62000 109 6.31000
118 .32000 122 43.85000 123 4.10000 125 2.21000 141 .32000 
147 .95000 154 .95000
Site #88: Stone Creek Location: N45° 12.94' W112°20.07'
Sample size: 304
1 40.13000 2 25.99000 6 3.62000 10 2.30000 11 1.32000
13 1.32000 55 1.64000 83 .99000 110 .33000 122 13.82000
123 .66000 136 .33000 145 1.64000 146 .99000 147 1.64000
153 2.63000 154 .66000
Total Abundance: 884
Total Abundance: 450
Total Abundance: 476
Total Abundance: 1248
Total Abundance: 220
Total Abundance: 4428
Total Abundance: 360
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Site #89: Stone Creek Location: N45°13.34' W112°19.33'
Sample size: 299
1 15.72000 2 12.37000 9 1.34000 10 1.34000 13 12.37000
50 .33000 55 1.98000 60 .33000 65 1.00000 81 .67000
83 1.67000 110 .33000 122 8.70000 123 1.00000 145 2.34000 
147 9.70000 153 1.67000 154 24.08000 155 3.01000
Site #90: Cottonwood Creek Location: N45°13.63' W112°16.57'
Sample size: 323
1 .62000 2 13.00000 9 .93000 10 .62000 16 .62000 
33 1.86000 50 8.05000 55 1.55000 58 .31000 64 .31000
65 .31000 72 1.24000 83 53.56000 99 .62000 100 .31000
102 .31000 106 .31000 109 .62000 122 8.05000 123 2.17000
125 .62000 146 .62000 147 .93000 153 .31000 154 .93000
155 .93000 177 .31000
Site #91: Cottonwood Creek Location: N45° 12.86' W 112° 15.96' 
Sample size: 324
1 1.85000 2 10.49000 9 1.23000 10 1.23000 11 .31000 
13 .93000 16 5.56000 33 1.23000 46 28.70000 55 5.25000
62 .31000 72 2.78000 83 36.11000 122 1.54000 123 .31000
147 1.23000 153 .31000 154 .62000
Site #92: Cottonwood Creek Location: N45°10.88' W112°13.70'
Sample size: 307
1 9.12000 2 19.87000 10 .65000 11 .33000 13 .65000
16 .65000 26 3.91000 30 3.26000 33 .98000 36 .65000
39 .65000 46 4.23000 55 2.28000 64 2.93000 72 1.95000
83 32.57000 109 4.56000 114 .33000 122 1.95000 123 3.26000
147 .65000 149 .33000 153 .65000 154 2.28000 177 1.30000
Site#93: Cottonwood Creek Location: N45°l 1.25' W 112°14.17'
Sample size: 321
1 8.41000 2 10.28000 9 .31000 13 .62000 24 .31000
26 .31000 30 .31000 33 4.36000 46 4.05000 55 .93000 
62 .31000 64 9.03000 72 .31000 81 .62000 83 54.52000
87 .31000 89 .31000 109 .31000 119 .31000 122 1.25000
123 1.25000 149 .31000 154 .93000 177 .31000
Site #94: East Fork Dyce Creek Location: N45°l 8 .4 4 'W113°1.90' 
Sample size: 308
1 .97000 9 .97000 10 .32000 11 .65000 13 1.30000
16 1.95000 17 1.95000 20 1.95000 24 .32000 33 1.30000
55 1.92000 57 59.42000 59 .64000 65 1.95000 66 .32000
75 1.95000 83 5.19000 87 .32000 106 .65000 115 .65000
122 9.42000 123 1.62000 125 .32000 141 .32000 147 .65000
155 2.60000 165 .32000
Site #95: West Fork Dyce Creek Location: N45°17.96' W113°3.09' 
Sample size: 301
1 5.41000 2 .28000 9 .28000 13 .85000 16 .57000
30 .57000 33 1.99000 55 1.42000 57 43.02000 61 .57000 
64 2.28000 72 .28000 83 23.08000 99 .28000 100 .28000
Total Abundance: 400
Total Abundance: 3888
Total Abundance: 536
Total Abundance: 322
Total Abundance: 1434
Total Abundance: 3834
Total Abundance: 4482
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107 1.99000 122 8.83000 123 .85000 125 .85000 132 1.14000
136 .28000 141 1.14000 147 1.71000 149 .85000 177 1.14000
Site #96: East Fork Dyce Creek Location: N45°16.8 2 'W113°2.00'
Sample size: 312
1 1.28000 2 1.60000 9 .96000 10 .32000 16 1.92000 
26 .32000 35 .32000 46 2.56000 55 1.92000 57 58.97000 
64 .64000 66 .32000 72 .64000 83 13.78000 99 .64000 
109 .64000 122 7.37000 123 1.60000 149 4.17000
Site #97: West Fork Dyce Creek Location: N45°16.82'W 113°2.06'
Sample size: 322
1 6.83000 2 3.73000 9 .93000 11 2.17000 13 3.42000 
16 .62000 46 4.97000 52 2.17000 55 1.86000 56 .31000 
63 1.55000 64 7.14000 66 1.86000 72 2.48000 81 .31000 
83 27.02000 99 1.24000 109 .31000 122 1.55000 123 3.73000
125 .31000 128 .31000 147 12.42000 149 2.17000 153 2.17000
154 1.86000 177 3.73000
Total Abundance: 1800
Total Abundance: 677
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TAX A LIST
This section contains a list of the macro invertebrate taxa found at the Montana Valleys 
and Foothill Prairies sites in this study. Numbers correspond to taxa numbers in the Sites, 
Locations and Taxonomic Data table, on page 57. Gaps in the numeric sequence are due 
to taxa which were inititially misidentified, and later re-determined.
1 Baetis tricaudatus 46 Apatania sp.
2 Acentrella insignificans 47 Dicosmoecus sp
3 Diphetor hageni 48 Ecclisomyia sp.
4 Baetis bicaudatus 49 Hesperophylax sp.
5 Caenis sp. 50 Onocosmoecus sp.
6 Attenella sp. 51 Psychoglypha sp.
7 Caudatella sp. 52 Dolophilodes sp.
8 Drunella grandis 53 W ormaldia sp.
9 Drunella doddsi 54 Psychomyia sp.
10 Drunella coloradensis 55 Rhyacophila Brunnea Gp.
11 Drunella spinifera 56 Rhyacophila Betteni Gp.
12 Ephem erella sp. 57 N eothrem m a alicia
13 Serratella sp. 58 Rhyacophila Sibirica Gp.
14 Tim panoga hecuba 59 Rhyacophila narvae
15 Cinygmula sp. 60 Rhyacophila Angelita Gp.
16 Cinygma sp. 61 Chloroperlidae
17 Epeorus spp. 62 Kathroperla sp.
18 Heptagenia sp. 63 Sweltsa sp.
19 N ixe sp. 64 M alenka sp.
20 Rhithrogena sp. 65 Zapada sp.
21 S tenonem asp. 66 Calineuria califomica
22 Choroterpes sp. 67 Claassenia sabulosa
23 Leptophlebia sp. 68 Doroneuria sp.
24 Paraleptophlebia sp. 69 Hesperoperla pacifica
25 Isonychia sp. 70 Isoperla sp.
26 Ameletus sp. 71 Kogotus sp.
27 Siphlonurus sp. 72 M egarcys sp.
28 Tricorythodes sp. 73 Perlinodes aureus
29 Arctopsyche sp. 74 Skwala sp.
30 Parapsyche sp. 75 Y oraperla brevis
31 Amiocentrus sp. 76 Pteronarcys sp.
33 M icrasem a sp. 77 Pteronarcella sp.
34 Agapetus sp. 80 Dytiscidae
35 Anagapetus sp. 81 Cleptelmis sp.
36 Glossosoma sp. 82 Dubiraphia sp.
37 Helicopsyche borealis 83 Heterlimnius sp.
38 Cheumatopsyche sp. 84 Lara avara
39 Hydropsyche sp. 85 Narpus sp.
40 Agraylea sp. 86 Stenelmis sp.
41 Hydroptila sp. 87 Optioservus sp.
42 Neotrichia sp. 88 Ordobrevia sp.
43 Ochrotrichia sp. 89 Zaitzevia sp.
44 Lepidostoma sp. 90 Brychius sp.
45 Oecetis sp. 91 Hydrophilidae
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92 Haliplidae 135 Hyalella azteca
93 Ambrysus sp. 136 Brillia sp.
94 Corixidae 137 Acricotopus sp.
95 Notonectidae 138 Brundiniella sp.
96 Saldidae 139 Cardiocladius sp.
97 Petrophila sp. 140 Cladotanytarsus sp.
98 Atherix sp. 141 Corynoneura sp.
99 Ceratopogonidae 142 Cricotopus nostococladius
100 Dixa sp. 143 Cricotopus sp.
101 Dolichopodidae 144 Cryptochironomus sp.
102 Chelifera sp. 145 Diam esa sp.
103 Clinocera sp. 146 Diplocladius sp.
104 H em erodrom ia sp. 147 Eukiefferiella sp.
105 Lim nophora sp. 149 M icropsectra sp.
106 Pelecorhynchidae 150 M icrotendipes sp.
107 Pericom a sp. 151 Nanocladius sp.
108 Prosimulium sp. 152 O dontom esa sp.
109 Simulium sp. 153 Orthocladius sp.
110 Stratiomyidae 154 Pagastia sp.
111 Chrysops sp. 155 Param etriocnem us sp.
112 Protanyderus sp. 156 Paraphaenocladius sp.
113 Antocha sp. 157 Paratanytarsus sp.
114 Dicranota sp. 158 Parorthocladius sp.
115 Hexatom a sp. 159 Phaenopsectra sp.
116 Limnophila sp. 160 Polypedilum sp.
117 Pedicia sp. 161 Potthastia sp.
118 T ipula sp. 162 Procladius sp.
119 Ptychopteridae 163 Prodiam esa sp.
120 Gom phidae 164 Psectrocladius sp.
121 Coenagrionidae 165 Pseudodiam esa sp.
122 Turbellaria 166 Rheocricotopus sp.
123 Oligochaeta 167 Rheotanytarsus sp.
124 H irudinea 168 Stempellinella sp.
125 Sphaeriidae 169 Stichtochironomus sp.
126 Hydrobiidae 170 Symposiocladius sp.
127 Ferrissia sp. 171 Sympotthastia sp.
128 Planorbidae 172 Synorthocladius sp.
129 Ancylidae 173 Tanytarsus sp.
130 Lymnaeidae 174 Tanypus sp.
131 Physidae 175 Thienem anniella sp.
132 Acari 176 Thienem annim yia sp.
133 Copepoda 177 Tvetenia Bavarica Gp.
134 Gam m arus sp. 178 Zavrelimyia sp.
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